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Viru* (HIV) infection! - 

Th e prl.sry immunologic ^mllty r.sulclng from 
k HIV is the progr...lv depletion and functional 
Infection by HIV i. p 8 u , urfAce 

^..^ - * » ,x.«i». 

CDi U * non-polymorphic giycop 

II -]« hl.c.c-J.llblUtjr o»pl~ <«»« . 

n. k.v, also baen identified (Y. Thomas 
cytotoxlc/.uppre.sor T c.U. h.ve also 

, c j . Exp. K.d. 1^:^59 (1981); S. H.uer ,c -2.. Free. Natl 

l.a. Scl. USA 21:2365 (1982,)- The loss of CO. 

function probably underlie, ch. profound defect, in cellular 
.n humoral immunity leading to the opportunistic Infection, and 
^ancles characteristic of the acquired immunodeficiency 
syndrome (AIDS) (H. Une uffiU) • 
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4r rnA T cells reeults from the Ability ot 

, , 717. 767 119841; J. McDougal ec J • 1IBBUn 

..«„„£ HIV-I (J. McDougal .C al.. Selene. 211-382 
envelope glycoprotein of HIV I u » 

,19861- a«d the finding that HIV-I tropi.m can be conferred up 

0 ermls.lve human cell. following the stable 
ordinarily non- permissive numan , ,S tT .m |19((]).. 

.«*ion of . CD& cDNA (P. Haddon .c al.. Cell <t2-333 [198.]). 
expression or • reflected by a 

rn. neurotropic properties of HIV-1. reiiect-o j 
Furthermore, the neurotropy y utv-I 

hlgh incidence of central nervous system ^™ ^ 

infected Individual. (W. . Snider ec -J.. Ann. Neurol. ^ 

" snd the ability to detect HIV-I in the brain tissue and 

, 1 fluid of AIDS patient. (G. Shaw at al.. Science 
cerebrospinal fluid of AIDS p $ 

222:177 [1985); L. Ep.t.in. AIDS R... 1- 

Science 222:1089 [19861; 0. Ho T al . . «. Engl- J Hed. 2U.UM 
1 Hi: , Levy et al . . Lancet ^ " 
xplenatlon in the expression of CD, in cell. .1 : neurona I 11 1 

Jo B onocyt./m.croph.ge origin (P. Haddon. Cell I™ ■ ■ 

Kunk e ec .1.. J • Exp. Med. 1*1:1230 (1986); B, Tourvi.ille ec al.. 

Science 22if-610 [19861). 

ln addition to determining the au.c.ptlbillty to HIV-1 
Section, the manifestation of cytopethlc effects in the infected 
ho .t cell appear, to involve CD*.. Antibody to CD* was found to 
ni b the Lion of uninfected CD. T cells vlth HIV-I infect, 
cell, i- v.tro; moreover, the giant multinucleated cells produced 
bv t ,<, event die shortly after being formed resulting in the 
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m:an ,»«.,,. » -u . 

1UM -* ~U U~. W r...ln t *. «v , ^ <( 

Nature W-T" 1 1987 »" 

* rh, CD4 precursor predicts • 
^ -receUuXer region of 

hya rophoblc signal pep Id. _ hoblc .tr.tch ylth 

approximately 370 amino .elds. . highly hy P ^ 

4A.neitv co che membrane -spanning domain 
significant identity co lntr acellul.r sequence o£ 

U MHC bee. chain, and . highly e • extracellular 
.0 residues (P. Hadden. Cell ^ loM each h .vlng amino 

— o £ C» ^>^:TZ:~Lu and fining ^ 

acid and structural similarity ^ 

oomalns of immunoglobulin light cha n. a. 

U other members of th. immunoglobulin gene superf» y 

of vhich are defined herein by the coined term a*h 

V, domains (denominated 1-4 in Fig. 3). 

™ the development of drugs for the 
A successful strategy In the develop 

vlr.1 loi.ctwic,. Bov.v. t . full o£ 



3S cells 
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„ lnt of M „uf.cturlng «nd purified. In 
froa the J ~ nerMUy only on cell 

•T°: lc :i ~ «*— - • *- 

. n the circulation. Additionally, -en truncate^ 

ts aore * table in . ^ cd4T n My not be 

„i*i. «* <««-" ii » " „ ' 

functionality . 

A ccordin g ly. I« is - object of chl. invention ^ 
. .^..ona It is another object to produce CD4 
soluble. ..crated adhe.ons. condlt lon.. 
privative. useful In the treatment of AIDS wo 

r essentially unaffected by the extreme degree of genetic 

in a manner es»entiaj.Jor ✓ -w.ir 

, Served *»ong various HIV-1 Isolate, end their 
variation observed """s ., Mgn Sct n 

. t: .... i. u - - tts 

HIV KP120 in the cas. of CD4 . ana tor 

w „>. I- is • further object to provide 

purification of the adhe.ons. 
.table, highly purified adheson preparations. 

„«i. lc «u «~u« - — -« """" ° £ "I'TI. 
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call »aabran«. 

CD4. 



„ rB4l ,, 4 by * Mthod coaprl.tng (•) 

from ly..t.« of the ho.t cell. 

t. .pectfic e.bodi.ent., the object, of thl. invention are 
! lilat en .dhe.on v.riant ..l.ct.d fro. the 
* CC °" U "\ITT.n .l.on .eld ..<u.nc. variant 

having en inactlvac MC uence of 

co.prl.mg « .dh..or .xtr.c.Uul.r do-In ft- 

^ u «„ /Mff«rent from the adheaon, tnia 
* P °T ^.c?. fr . "VoUln. en — or . protein .1th 
pU^lf Uf. - .. - i—globulln — — 

In . preferred ..bodl-ent . polypeptide con.prl.ing. pl20 
Ending do.eln of the - .dh..on 1. ^d «U. ---^ 

^oglobuUn con-tent do.eln. or is linked 
polypeptide «uch *» rlcln. 

^ CD. .dhe.on v.ri.nt. provided herein are purified and 
, l.«d in ph.r..cologic.lly .ec.pt.ble vehicle, for 
for.ul.ted in pna ^tiviral. neuro.odul.tory or 

.<taini.tr.tlon to p.tl.nt. in need of antiviral. 

modulatory th.r.py. in particular p.ti.nt. infected with HIV. 
md for «.. in the .oduLtlon of cell adhesion. 

n g ,. la-lc depict the «lno .cid and nucleotide ..ou.nc 
of . ..cr-ted for. of the CD. .dhe.on. The signal proc.ing .ite 
Is designated with an arrow. 
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^ „„ ch# native huwn IgCl W " 3 
soluble CDt *dh«»on, the n»t 

.*.«pl.ry h..vy el-ln-CD* chl..r... 

. 4b .re . ~P of *• llnk *" d hUMn IgGl (11> 
Fig.. 4-4b .re . "P £ullo n.. !«•« .tc. 

fw .nt .-Ployed in th. pr.p.r.clon of CD4 f«- 
are d..ign.c.d ^ * nd ?C ' 

MO of the hu~n * light ch.in fr.g».«c u..ful 
Fig. 5 U » «-P •« «*• hU- " vari .ble «d 

fer CO. f-.li- - «» fl * nked ^ " " 

joining) .no C K (Ugh* con.t.nt> . 

Adheeont *re ceii f th . 

e .llul.r do-in lB h0Bol ° 8OU * 60 hlBh ly 

.xtr.cellul.r do- auoerfttily . .xcludlng. hov.v.r. highly 

poly^rphlc »..ber. of th P hl , tocel8p .tiblllty antigen., 

cl... I eU " J ^ , chA ms. Ex«pl.s 

^.globulin. co28 . * - • 

of ....on. -;. 1 CD2 ;r; n c.rc.llul.r or n.ur.1 c.U 

ch.l« of CD*. «- 'J ^.^.^ocy,. function ...ocl. t .d 
.ohe.ion .ol.cule. (X-CAK or I 7-p g 

. nt lg.n-3 C«0,, ^^^J^L. high .ffUlty I* 

receptor, the »*Jor giy"P .emulating f.ctor- 

pl .t.l.t derived growth f.ctor r.c.pto . c o« ^ ^ ^ 

x „. -croph-e *c , ^ ^ _ 

crclno.-bryonlc .ntlg.n H^log ^ ^ gene 

h .ving the e.quenc. of . therewlth in which h» 

.»,.rf«ll7 or h.vlng • ef , 
35 .ub.cntl.lly the .«e .. (or . g". 
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ta wn »«bT of th. .up«f«ily « th. 
.•qu.nc. homology to a o . #qu#nc # of « 

.p.elflc .x«pl« « l Pt .f.rr.d »dh..on. «. 

^oglobulln v.rl.bl. or consent do-l 
C*. CDS •«* high rffUitl U* *< rocptor. 

. «. „.rtlcul.rly cone.m.d with «t«o .eld 
"\ l "X.o« .eld ..ouonc. -rUnt. of 

.. q u.nc. ^ _ ioux obJ . cclvM ln Blnd . Including 

.dh..on. ar« A<JhMon for u. binding p.rcn.r. 

inching th. ^ „d proration of th. 

£ .ciut.ting th. -bi u<*. p ^ 

.d,..on. ib 1 ;; i v . ln th . b . ckgr o«d. ««— 

•ffic.cy *» d««cri.o- .. v .rlcy or occurr.nc. 

variant* . 

In..rtlon.l -1- -Id ..qu.nc. «rU« «• «*— l « 

-rrr r,i- » » 

"""" rr j.t «<»>• - ^ 

r*i»e« *g*ln»t cn. « ....„„ « u tolamune 

M lt».. vlU b. tho.. which «. bor«. by illerg.n.. .ut 
.pltop.. ^og.n. or .ntlgen, r.cognl»d by pr.- 

.pltop.., or oth.r poc.nt unun g lncludl ng b.ct.rl.l 

.xl.clng uclbedl.. U th. fusion r.clpl.nt. Includl g 
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>, trpLE b.t..g.lacto.i<U... viral polypeptide 
polypeptide, -uch trpLE. b g ltBBUIl0g . n ic fusions are 

produced by cross -Unking in no i vt) .pcid. . It 1» 

. 4^v, dna. encoding an isnnunog.nle polypeptw . 
transformed with DNA encoai. g ^ 

, u, rh»t the immunogenic fusion be one 
preferable char • ^ ^ ftdbe . on 

" "TTe epl . anywhere vicKln the —on -ol.cule or 
^ thereof Such fusions .re conveniently — t» 

fragment thereof. blfunc tlonal cros.-linklng 

"^^teTe l/s^lng agent - -e the —on to 
r— c polypeptide is no, a. ^ ^ = . 
because the cross -linked products are not as easily yn 
structurally homogeneous form. 

These is-unog.nlc insertion, are particularly us.ful when 
, l.t?d into a pharmacologically acceptable carrier and 
Z i t- ./to" sublet in order to r.i.e antibodies against the 
I Ich antibodies in « useful In 

purification of adh.aon by lon^oaf f inlty technics toown per ... 
I t r^t ively. - the purification of adh.sons. binding partners 
ZZ ^ fused non-.dh.son polypeptide, e.g. .ntlbodies. receptors 
1 11 are used to adsorb the fusion fro. i«pure admixtures, 
or llgands. are use ^.^ed. the adh.son Is 

a £ter which the fusion is elu.ed and. if 
recovered from the fusion, e.g. by e«y».tic cleavage. 

Other fusions, which may or -ay not also be i^olo.U.Uy 
include fusion, of the .dh.son s.ou.nce with . signal 



*ctive Include luiioii* ^ 
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when th. r..ulcing fusion 1. recognized i- pr 

—n the adh.son is ••cretad. Signal.* 
by the ho.t cell, the a inciud- bKterUl yeMt> 

r^t/r — : «... . — — 

„ J"? „.*.-.«..» -««- » «->- •— * ""'"• 

^Lun. .p.Up.pr.c*.. - "» 

biological activity. 

I„ . specific eofrodl-enc the adheson i-.unoglobulin-liVce 
, , which oay be ho.ologous either to th. constant or to the 
domain which «y • iBsunoglobulin 

r* " f ... »~» «- >— *••« >*•>"•* u "V"* 1 ™' " n 

««». » » 

. i?V793 (1979); Kohler ec al.. P.N.A.s. uj>a 

Morrison J. Imsun. 122- '»■> H"". 

, r-ncer Res 41:2073 (1981); Morrison 
22:2197 (1980); Raso ec si.. Cancer Res. „ 9 . 12 o 2 
, Ann Rev Inununol. 2:23" (1984) ; Horri.on. Science 222-1202 
.t al-. Ann. Rev. I_» 2 _ ^ ^ ^ 

ri985V Horrison «c «I . . F.N.A.i. UJft 

.„ s.. t« — »u u.s. p.— » 

EP 66.763 and references cited therein. 

Ordinarily, the do.alns of adhesons that are homologous to 
inn.unoglobullns and extr.c.llular in their native envlron».nt ar. 



WO 89/02922 



PCI7US88/03414 



10 



15 



20 



25 



30 



35 



c-»™i~u? » *• " tt> v „ llbl , „,«„<•> *«••'• 

^..i.buUn, ' U ;* J „ tlv . „!„,«. CK2 «d OB — 

— ^ rr— - « «— - 

life *re tusoo 

ocher adhe.ons In the — fashion. 

* rh. CI* V-UVce regions (V1-V4) 

Tne boundary domains for the C ?g ^ 
w • inn. 109 About 17 5 

.re! respectively, about 100 109. ^ 

4b0 ut 360-369 (ba..d on the precursor CD* - ^ ^ 

„hlch the ^ ^ . re ftt8ed to the globulin 

containing any of the u V1V2 V3V6 be fused at • 

— — — «— 

their C-temlnl to the umsun 6 crlc ical; the boundary 

*— -"- 4 h ;;;; r< -» >• w ort,t w ■ 

" L„ £01 ^ d-t *. t»i~. «« 

„, d. 8 ... of ..«.ti«. „.„„,„«.. *. 

!„.«.»... *• „ „, ». «*- •« 

* t . rw»t have been oDtaxneo 

lBBB unoglobulin fusions that h. ^^.son,. th. CI* 

i. .11 examples or """" 
this Invention. In all case B 




1 
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chain or IgCl heavy chain 



mV 7l C 7 i 

hCD4-«C K ♦ hCr*-aC 7 i 

hCD^-hC* 
^CD4-hC 7 i 

hCD^-hC* * hCD4-hC 7 i 

bV^C* * hCD4-hC 7 i 
*KD - Not detected 



Table I 



nV^C* and/or (nV^C*^ 



<ttV (e C Jt )2(» v 7 l C 7l >2 * 
bV^C* and/or (»V (C C (t >2 

nCDA-mC* and/or (hCD^-aC*^ 



ND 

(hCD4-iiC x )2(hCD4.»C 7 i)2 + 
hCDi-mC* and/or (hCD4-«C, t )2 

hCD^-hC* and/or (hCD4-hC lc )2 
(hCD4-hC 7 i>2 

(hCD4-hC (C )2(nCD4-hC 7l )2 * 
hCD^-hC* and/or (hCD4-hC R ) 2 

(BV K C^)2(nCI^-hC 7l )2 + 
bV-C-. and/or (»V lc C (t )2 



„ ««..«*. » — - "» *" " bU *" ' t .'.T 
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rr .r:;rr^ r.r- .... - ^ r 
;;rr a .r. ^ szz'JZ 

CD4-IRG iamrunoadhe.on chimera *r.e 

T i che » epitope U Pr— U he.vy chain U»« 
vherein the CI* P P ^ ^ h . c . roteCr „. r . 

chain »no«r. or ^ ^ ^ „ 

serein the CI* epitope f lncludlng 

including heterotetraisers wherein up to » 
Tfot "rUU -gin analogues - -rived fro. CO.. «h.~ 

Ugh" -in non-C* variable do-in U P— . 

nonfunctional antibody thus is provided. 

V.rious exe.pl.ry hetero-and chloric i-unoadn..- 
, a m accordance with this invention are 
oodles produced in ««^ ^ . portlonof 

sche^cic^Uy dU g r^d h.l^. * im ugand 

th e extracellular ^ ^ ^ ^ ^ 

and Y designate.. a covalent cross -linking -olety. 
(a) AC L ; 

■ !«i «„'"c„. «L-«H. «fV»C». .. V L C L -W: 

.«„. « L .v B c„. v L c L .«„, « vl-VW- 

AC t„.c H -l»c„. ac l .v hC „. « v l c l -v„Ch1 

: l L 1- .C . AC L .AC„. - VL-'Wil' 



(d) 
(e) 
(f) 



or 



(g) tA-Y) n -[V L C L -V H C H ]2' 

Th. structure, shown in this table show only key f-ur.s. 
. g . they do not show Joining (J) or other do-aln, of the 
laa8 uLglobulln,. nor are disulfide bonds shown. These are o.itt. 
in the interest, of brevity. However, where such domains are 
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.h*ll be coni trued *» being 

Th.se exa.pl.. «P"» n " Cl ^ ^oglobulln heavy 

COBP Ux struccuxe. would result by «ploy ng 

chain ..,«-•. ^.^^ M Che companion 

V L V H antibody — '^ lt -f bladtai « . ^-.~»-- 

laBun0 globuUn. preferably la cap. 

antigen. 

,r«*r* are obtained fron IgC-l. -2. 3. or 
fusion partners are oo 

IgA. IgE. lgD or X*. but preferably IgCl- 

referred embodiment 1. a fusion of an S-tenalnal portion 
^contains the binding site for th. B 120 envelope ; 
of CD*, which contains tn oorclo r, of an antibody. 

, „f HIV to the C- terminal F c portion 

c i..v. 8 . .it. **» *.fi~. ne f. „ „. Ui 

*. «... ~U- *•*« «— " »* 

v„l.M. ..It" •« •» — •" l ""*" l, u „. e „„tru=cl 

ft. - -tt^r •< - "< l " „ „ 125 

v.rl.bl. do-l« "><"*" W" 1 " S "- , 
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« r. m- (13 December 1984); Sharon ec al.. Nature 122 = <» 
Nature 212. (13 D.e ^ ^ ^ ^.^.^ 

lMA): Horri.cn ec al . ^ < . nd 8oulianne 

I;.'. Nature aiZ:^-^ (» " »»> ' ^ ^ 

adhe.on immunoglobulin- like domain(s) is cleave* b, . 

, _ at or proximal to the 3' end of the DMA encoding 
restriction enzyme at or proxun. 

che u-».l.b-lin-lU. domeln(s) and at a point at or nee the D*. 
encoding the N-termlnal end of the mature adhe.on polypeptide 
Tire L of • dlf£.r«t War 1. contemplated) or at or proximal 
ce ch e N-terminel coding region for the adh.^ (vhere the native 
adhe.on signal Is employed) . This DNA fragment then i. readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and. if necessary . tailored by deUtlon. 
genesis. Preferably, this Is a human immunoglobulin -hen the 
variant Is intended for In vivo therapy for humana. DNA encoding 
iBB unoglobulin light or heavy chain constant region, is known or 
readily available fro. cDNA libraries or is aynthesixed. See for 
example. Adam, at al . . Biochami.try 12=2711-2719 (1980); Cough at 
.1 Bioch.«l.try 12:2702-2710 (1980); Dolby et .1.. P-N.A.S. USA. 
2Z..027.6031 (1980); Rice ec .1.. P.N.A.S. USA 22:7862-7865 (1982); 
Faltoer ec al.. Nature 22fi= 286-288 (1982); and Morrison ec al.. 
Ann. Rev. Immunol. 2=239-256 (1984). 

DNA encoding the Immunoglobulin or Immunoadh.son chimeric 
chain(.) i. tranaf.cted into a host cell for expre.sion. If the 
host cell 1. producing an immunoglobulin prior to transection then 
one need only tranaf.ct with the adhe.on fua.d to light or to heavy 
chain to produce a het.roantlbody . The aforementioned 
Ucnunoglobulins having one or more arm, bearing the adhe.on domain 
and on. or .ore arms bearing companion variable regions result in 
dual specificity for adh.son llgand and for an antigen. These are 
produced by the above -described recombinant methods or by in vitro 
procedures. In the latter case, for example. F(ab') 2 fragments of 
the adheson fusion and an immunoglobulin are prepared, the F(ab')2 
fragment, converted to Fab' fragments by reduction under mild 
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also U.S. P»tent 4,444.878. 

„„ iC ionally procedure. «. known for prodding Intact 
Addi clonal ly^ P lMunoglobul m« having dlff.r.«t 

SP of' h.t.rochimeric antibodies by singly substituting the 

pr oduc Cl on of h. • oc ^ prevteuaiy eBployed 

immunoadhcion chains i« 

inanunoglobulir^ . 

in an alternative method for producing . heterofunctional 

antibody, host cell, producing en ^'^^J^Z 
. g cransfecced myelomas, also are fused with B 
hy rldomas which .-crece antibody having the desired cc^nion 
specificity for an antigen. Het.roblfunctlonal antibody is- 

olered fro. the culture medium of ,uch hybrldomas. and thus -ay 
be produced somewhat .ore conveniently than by conventional in 
vitro resorting methods (EP 68.763). 

mother group of fusion, are those in which an adh.son is 
conjugated with a toxic substance, e.g. a polypeptide such a, ricin 
(including deglycosylated ricin A chain), diptheria. toxin A, or a 
non-peptldyl cytotoxln. Where the toxin is . polypeptide it is 
convenient to cros.-llnk the polypeptide to the adh.son or i s 
cransmembran. -deleted variant by conventional in vitro protein 
cros.-llnking .gent, (for suitable ..thod. for linking ricin A 
chain or deglyco.yl.ted A chain to CI* .... for exa.pl. Duncan ec 
al -Analy. Bioch.m.- 1^:68-73 (19831; Thorpe .t C.ncar 
Res'" 425924 [1987]; and Chotie ec "Cancer Res." 4fi:2610 

(1988]) or by recombinant synthesis as a fusion (see for example. 
U S Patent 4.765.382). Alternatively, where companion antibodies 
are anci-rlcin antibody Immunoglobulin variable domains, such 
i.n.unoglobulln heteroanclbodle. are employed to deliver ricin to 
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C^., R„...rcl>. 41:2073 <l»ll>. 



or ou**, «t 

r e K ion) and ordinarily 396-433 a. v.ll (ch. cycopl.«ic do-aln) , 
10 w be deleted co obcaln seer.c.d for- of .his adh.son. 

10 ^cLeaHy. the — -cid residue. ^ - -« ^ 

for -cur. CD* a. noced. for .xa^le. in figure. U - lc Thu,. 
Molecule. ,n«a ly 111 cr.in.c- in .he vicinity of 
residue. 366-366. or ac any och.r auicable .ice N-c.nnin.lcher.co 
leh preserves che c.pebilicy of che CO. v.rienC. 

Sub.cicucional v.rianc. -e cho.e in which at lease one 
r .sidu. in ch. adheaon ..qu.nc. has b..n re^.d and a diff.r.nc 
2i*~ -.red in ic. place. Th. -civ. H-c.r-inal r..l*>. for 
Mtur , CD* 1. no- Vcnovn Co be lysine. Thus. ch. ..qu.nc. ahovn in 
Fl , l. wich an H-ceminal aap.r.gine. 1. an a-ino acid sequence 

rtv Table 2 below describes 

variant of nacive mature C04. Table „ , r . n of 

.^.ticutions which in general will r.sulc in fine .odul.clon of 
the characceriscics of Che CD ancigen. 
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••r 




ATg 


ly. 






AMti 


gin; hit 




Asp 






Cy§ 


••r; tit 






Cltl 


*«n 




Glu 


*«P 




Cly 


pro 




Kit 


Astt; gin 




lie 


l«u; v*l 






L*u 


lie; v*l 






lyi 


*rg; gin; 


glu 


l«u; 11a 




Met 




Ph« 


net; leu; 




S«r 


thr 






Thr 


•er 




Trp 


tyr 




Tyr 


trp; phe 




Val 


lie; Uu 
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Sub.wntl.l chang.. In function or 1-unologlc.l Identity 
ar. «d. by ..l.cclng .ub.cltutlon, that ar. 1... con..rv.tlv. Chan 
cho.. in Tabl. 2. I.e.. feting r-ldu.. that differ «>« 
.Ignlflcantly l» th.lr .ff.ct on -Inclining U> th. .tructur. of 
che polyp.ptid. b.ckbon. In th. ar.a of th. .ub.tltutlon, for 
.xa.pl. a. • .h.«t « n-"" 1 conformation, (b) th. charg. or 
hydrophobic!^ of th. .ol.cul. at th. carg.c .It. or (c) th. bulk 
of th. .Id. chain. Th. .ub.tltutlon. which In g.n.r.l are .xp.ct.d 

co produc. th. gr..t..t chang.. In .dh..on prop.rtl.. Ill b. tho.. 

In vhlch (.) . hydrophlllc r..ldu.. ..g. .«yl or chr.onyl. 1. 

.ub.cltut.d for (or by) . hydrophobic r..ldu.. ..». Lucyl. 

l.ol.ucyl, ph.nyl.lanyl. v.lyl or alanyl; (b) . cy.t.lnyl or prolyl 

1. .ub.tlt«c.d for (or by) .ny och.r r..ldue; (c) . r..ld«. h.vlng 
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„ .i.c«p..«*« -i* *•»>• ••«- wl - • r,1 ' ,,1 • °' M " iiyl - 
! *. Ph .„ yl .i.„,x. u '« <« *"> - - h """ 8 * 

side chain, e.g. , glycyl- 

A preferred cl... of .ub.tlcutlonal or d.l.tional v.rlanc. 
. re chose Involving che tran...mbrane region of * 
membrane region of the .dhe.on i. a highly hydrophobic o 
Xipophilic domain ch.c i. che proper .i» co .pan che lipid bll.y.r 
of the cellular membrane. It I. believed co .nchor th. .dhe.on in 
the cell membrane. 

Deletion or .ub.dtuclon of che tron^rm domain will 
f.cillc.te recover? end provide a soluble for. of che .dhe.on by 
reducing U. cellul.r or .en.br.ne lipid .fflniry and proving i« . 
water .olubilicy. If che tr.n.membran. .nd cytopla.mic do-in. are 
dieted one .void, the introduction of potentially immunogenic 
epitope.. either by expo.ure of och.rvi.e intracellular 
polypepclde. chat might be recognized by th. body a. foreign or by 
ln.ertion of heterologous polypeptide, chat are potentially 
Isogenic. A principal advantage of che tran.-« bran, deleted 
.dhe.on 1. Chat it is .ecreted into the culture medium of 
recombinant ho.ts. This v.ri.nt 1. water .oluble and doe. not have 
an appreciable affinity for cell membrane lipids, chu. considerably 
simplifying it. recovery from recombinant cell culture. 

It will be amply apparent froa the foregoing dl.cus.lon 
chat .ub.citutlons. deletions. insertion, or any combination 
thereof are Introduced . to arrive at a final con.truct. As a 
general proportion. .11 • variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic ..qu.nce. This is generally accomplished by deletion 
of th. relevant domain. although adequate in.ertion.1 or 
.ubstitutional mut.gens also car. be effective for .this purpose. 
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* r ««U th. tr.n...»br.n. domain 1. .ub.titut.d by m, ^ 
/ no. • e * -do. or ho.opcly.ucl.ic ..qu.nce of .bout 5 

considered to be an .dh.son variant. 

Th... variant, ordinarily are prepared by .it. -P-clfU 
^..U of nucl.otid.s in th. DNA- encoding ch. adh..on. th«*y 
producing DNA encoding the variant, and th.r.aft.r .xpr...lng 
D An recombinant ceil culture. However, variant 
. e prepared by X. vitro .ynthesis. Obviously, variation. mad. in 
th . DNA encoding the variant edhe.on. must not pUc. the ..ou.nc. 
out of fading fram. end preferably will not create compl...ntary . 
regions that could produce ..condary m**A structure deleterious to - 
expression <Et 75>"A). The CD. variants typically exhibit the 
,ame gpl20 binding .ctlvlty .s does the naturally-occurr ng 
prototype, although variants al.o are .elected in order to modify 
the characteristics of the CD4 adheson as indicated above. 

While the .it. for Introducing an amino acid sequence 
variation is predetermined , the mutation per s. need not be 
predefined. For .xample. in order to optimize th. performance 
of a station .t a given site, random mutagenesis may be conducted 
at the target codon or region and the expressed adheson variant, 
.creened for th. optimal combination of desired activltl... 
Technique, for mating substitution mutation, at pr.d.t.rmin.d .it., 
in DNA having a known sequence are well known, for example K13 
primer nuCAgenesis. 

Adhe.cn variants that are not capable of binding HIV gpl20 
are useful nonetheless a, immunogens for raising antibodies to the 
adheson or a. immunoassay kit components (labelled. as a 
competitive re.g.nt for gpl20 ...ay. or unlabeled as a standard 
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*t least one adheeon epitope 
for an .dh«o«» M«y> lon * « " lMSt 

remain* active. 

r,. ONA .ncodlng adn..on. U obcaln.d by ^''"^ 
uillL. X— to«Uy 4:298 003 (1987) and citation, 
S .e Willi-.. X-« m ^ £or clenlng ef CD* 

thr.lt>. m g«n."l. P ^ c<jlJ , tr . ln SRl0 i (for 

variant DNA ..quanc... For »1. . « 

4 . .13 nhaa. » X-r.«i.t.nt acr.ln of JH 101. H..si.ng • 

.train, wnich «*X niu.cr.tiv. rather 

X 1776 (ATCC No. 31537). Th..« a*a*pl" «. lllu.tr 

than liaitlng. 

DHA encoding the variant adha.on. ar. inaarcad for 
w ...ion into v.ccor. containing pro.ot.ra and control 
which ar. dariv.d fro. .p.cl.. ".patibl. with th. int.ndad boat 
I vactor ordinarily, but n..d not. c.rry * -™ 

. it 11 .. on. or .or. -*.« -K— «. "pabl. of 

Elding Pbanotyplc ..l.ctlon in ~ ~ * 
£. coll 1. typically tran.for».d using a d.rlvatlv. paM 
1. . pla..id dariv.d fro. an E. coll .pad.. (Bolivar, at al Can. 
- 95 [1977]) PBR322 contain, gana. for a-plctllin and 

t.tr.cyclln. r..l.t.nce and thu. provide. a.«y ««. for 
id.ntifylng tr«.f.r»d c.U.. Th. pBR322 * .1-1*. or oth.r 
.icroblal pla..id ... also contain or b. -dlCU* to contain 
pro «,t.r. and oth.r control al.-.nt. co-only ua.d in r.co.bir-nt 
DNA constructions. 

?ro .ot.rs .ultabl. for use with prokaryotic host. 
lllu.tr.tlv.ly include th. ,-l.cta.as. and lacto.. pro.ot.r sy.f« 
(Chang at al.. N.cur.. 211: 615 (1978); and Go.dd.l ar al.. Nature 
281- iUU [1979]). alkalln. pho.ph.t..e . the tryptophan (trp) 
prLcr .y.t.» (Co.dd.1. Nucleic Acid. Re., ft: .057 [1980, and EP0 
Appln. Publ. No. 36.776) and hybrid pro.ot.r. such a. th. tac 
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„™» t „ <«. * »■>« « '"<• » a - am4 - sci - ° sA M: 2l ' JS 

encoding the antigen. 

X» addition to prokaryote.. eukaryotic .lerobe. .«ch « 
v.a.t culture. .Uo are u..ful a. cloning or .xpr...lon ho.t.. 
y iAS ^ mai c^r^Ut, or co»on b.k.r'. y— c i. th. ~« 
t^TTd -^ryotlc .lcroorg.nl... .Uhough . nu*.r of other 
str .lns «e commonly .v.ll.ble. For e*pr...ion In 
ch e pl...ld «,7. for example. (Stlnchcomb. .t .1.. Nature 2S2: 39 . 
[1979] . Klng.man et .1. Gene 2: 1*1 [»79]: T.champer .t .1.. Gene 
U,. 157 (1980]) 1. commonly «,... Thl, pi— id contain, 
the trpl g.n. which provide. . .election —ker for . mutant .«.ln 
of yeast lacking the ability to grow In tryptophan, for « W 1. 
ATCC no 4,076 or PEP4-1 (Jones. Genetic. 14 : 12 [1977]). The 
presence of the trpl le.lon a. a characterise of the y.a.t ho.t 
cell geno.. then provide, an effective mean, of .election by growth 
in the ab.ence of tryptophan. 

Suitable promoting sequence, for u.e with ye..t ho.t. 
include the pro»oter. for 3.pho.phoglyc.rat. klna.e (Hltx.wn «c 
M l J Biol Che«. 2Si: 2073 11980]) or other glycolytic enxy«e. 
(He.. « al.. J • Adv. Emyme Reg. 2: 1*9 [1968]; and Holland. 
Bloche.l.try 12: 4900 [1978]). «uch a. enolase. glyc.r.ldehydeO- 
pho.phate dehydrog.na.e. h.xoklnase. pyruvate dec.rboxyla.e . 
pho.phofructoklne.e. gluco.e- 6 -phosphate Iso.erase. 3- 
pho.phoglyc.r.te mut.se. pyruvate kinase. triphosphate 
lsomerase. phosphoglucose lsomerase. and glucoklnase. 
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10 



15 



.dv.ncg.ou.ly u..d with y...t promoter. . 

?r o.oter, for controlling transcription fro. vector, in 
i, h..c cell, -y b. obtained fro. v.riou. .ource.. for 

(S V40). ad.novlrua. r.troviru... . hepatiti. v«u. 

. * the bet* *ccin promoter. The eeriy *n 

PrOSOt ' r, 'o £ L SV.0 viru. are conv.nl.ntly obtained a. an SV.O 
propter, of the SV40 i ^ ^ of 



^1T^ — el.o - SV.0 viral origin of 

obtained " . «*X« « f "^ nt - Cr ** n ^ r *a tie host 

.1.. Can. 14: 355-360 (1982). Qf cour.a. pro.ot.r. fro. th. ho.t 

cell or related .pecie. .l.o ar. u.eful herein. 

" DNA transcription in higher eukaryotes 1. incr.a.ed by 

verting an enhancer ..ouan.. into the vector. Enhanc.r. are cis- 
ctlng . e.ent. of DNA. usually fro. about 10 to 300bp that ac o 
incre... th. tren.crlptlon initiation capability of a pro.ot.r. 

b.vlng been found 5' (LaUain*. L. « al . . Proc. Natl. Acad. S el W 

,„ Iim,) and 3- (Luaky , K.L. , .c 1.. Kol. Cell Bio * 110. 

, 19 S31) to th. tran.cri P tion unit, within an intron (B.n.rjl. J.L. 

■ c Cell 21: 729 (19831) a. «11 « -Ithln th. coding ..quenc. 

«\ tp .c ai Kol. Cell Bio. *: 1293 [1984]). 

35 lt.elf (O.borne. T.F., *e ax.. 
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from mammalian genei (globln. 
Kany enhancer .eou.nce. .re no- known fro. ^ 

fl lhu=tn a - fetoprotein end insulin). Typically, no 

ela.ta.e. albumin, a letup Example* 

en . will u.. an enhancer fro. a eukaryotlc cell viru,. Examp 

„ lul the SV.0 enhancer on the U« °* - "P^" 

r< b p 100-270). the cytomegalovirus early proper enhancer. 
Ill polyoL enhancer on CH. let. of the replied origin. 

and «denovtruj «nhancers. 

encoding the idheson. 

E*pre..ion vector systems generally will contain a 
• election gene, al.o termed a .electable marker. Ml- of 
U .electable marker, for — i- cell, are dlhydrofolate 
re ducte,e (DHFR) . thymidine Ulna., or neomycin. When .uch 
.electable marker, are .ucce..fully tr.n.f.rr.d into a mammalian 
host cell, the transformed .allien ho.t cell can .urvive if 
p Ue.d under -elective pr...ure. There are two widely used 
distinct c.cegorie. of .elective regime. The fir.t category ^ is 
bM .d on . cell', metabolism and the us. of a -cant cell line 
which lac*, the ability to grow independent of a .upple.ented 
.edlum Two example, are: CHO DHHT cell, and »ou.e LTK" cells. 
Th... cell. lac. the ability to grow without the addition of .uch 
nutrient, a. thymidine or hypox.nthlne . Because these cells lac, 
certain gene, nec.ary for a complete nucleotide .ynth.si. 
pathw.y. they cannot survive unless the missing nucleotides are 
provided in a .uppl.-.nted medium. *n alternative to supplement ng 
the medium Is to introduce an Intact DHFR or TX gene into cells 
lacking the re.p.ctlve genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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w ..«.ble of survival In non supplemented 
DHFR or TK gene -ill not be capable 

media- 

M in anv cell type and does not require the use 

" r ;:\:::: : P . » ~ — - — t 1 ™ 

w p and Bert. P.. J- «° lec - A P pl - CeneC - 1- 
1C neomycin. Southern P. end B * tR ' ? ' , ? . Sclence ^ 

(1982). mycophenolic acid. ^ Blol . ^ 

lfc2 2 (1980) or hygromycin. Sugden. B. .c .1.. n . terial 

XO-413 «»«). ^ three exiles given above employ ^ 
6 enes under eufcaryotlc control to convey resistance to ch 
appropriate drug «1. or neomycin (g.netlcln) . xgpt Cycoph.nollc 
acid) or hygromycin. respectively. 

•Amplification" refer, to the increase or replication of 
„ isolated region within a cell's chromosomal DNA. 
1. achieved using . selection agent e.g. methotrexate (KTX) which 
inactivate. DHFR. Amplification or the mating of successive copies 

in the face of greater amounts of KTX. Amplification pressure is 
p Id notwithstanding the presence of endogenous DHFR. by adding 
25 ever greater amount, of KTX to the media. Amplification of a 

ht . chi ,ved by cotransfecting a mammalian host 
desired gene can be acnieveo oy 

cell with a pLs-id having a UNA encoding a desired protein and the 
DHFR or amplification gene permitting colntegr.tlon. On. ensures 
chat the cell require, more DHFR. which requirement is met by 
30 replication of the selection gene, by selecting only for cells that 

can grow in the presence of ever-gre.t.r KTX concentration. So 
long a, the gene encoding a desired heterologous protein has 
colntegreted with th. selection gene replication of this gene gives 
rl.. to replication of the gen. encoding the desired protein. ^ The 
35 result 1. that Increased copies of the gene. i.e. an amplified 
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....... e .u.,.<. - — - - - -riz';." r: 

4~-a Suitable procedure* *re veil 
pl.. 0 ids required. Sult.bl P (MjmU tl.. T. « 

construction described herein. See. for example, i 

urren col, InHolecul.r Biology-, .dlted ^ Auaubel c 

^ **■ by --en. Publl.hlng relate, * 

Correct pl..mld .-quence. ere confirmed by transforming 
cell K12 .train 29. (ATCC 314*1) with ligation mixture.. .ucc...ful 
1 rmants .elected by a-piclllln or tetracycline re.l.tanc. 
Ire appropriate, pi—- the tran,fo~ant. prepared, and 

ch , a ethod of Hes.lng et al.. Nucleic Xclds Res. £: <^" 8l > 
... , h e method of Max.* et al.. H.thod. in Enxymology tf. 



by 

(1980) 



Host cells are transformed with the expres.ion vector, of 
thl. invention. Thereafter they are cultured in appropriate 
culture ~dia. e. 6 . containing substance, for inducing promoter., 
selecting transf orm.nts or amplifying gen... The culture 
conditions, such as feature . pH and the ^e. are those 
previously used with the host cell .elected for expre..ion. and 
will be apparent to the ordinarily skilled artisan. 

The secreted adhe.on variant, are recovered and purified 
fro* the culture supernatant, or ly.at.s of recombinant hosts. 
Typically, the supernatant are conc.ncrat.d by ultrafiltration, 
contacted with a llg.nd affinity or immuno.f f Inity matrix so a. to 
.osorb the adh..on variant. and .luted from the matrix. 
Optionally, the adh.son 1, purified by ion exchange chromatography. 

Surprisingly, purification of soluble CDU adh.son fro. 
culture medlu. was unexpectedly difficult. Notwithstanding that 
the hydrophobic tr.n«.mbr.ne region of the antigen had been 
deleted, the antigen exhibited a strong tendency to form aggregate. 
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^ could be readily removed fro. .u.p.«.ion by centrifugation at 
Zl x s. - -id!y coat surface, .uch a. ultr.filcr.tion 

ZrL.. Thl. appear, co re.ulc fro. the reduction in 
conc.ncr.clon of albumin or och.r ..rum protein <«"~ rl1 * 
in the crude pr.p.r.tlon) to . particular level, below which th. 
truncted antigen no longer remain, .olubl.. Thl. ph.nom.non 
.pp.ar. to be aggravated by .xpo.ure of ch. CD4 adhe.on to low pH 
( < .bout pH 4). A. . r..ult. ..par.tion procedure, (particularly 
those that employ .eld elution. .uch .. immunoaff inlty) .hould be 
.odlfied .o that the eluat. I. maintained at. or immediately 
returned to. about neutrality. Furcher. a .urf.ct.nt. e.g. • 
detergent .uch as Tween 80. .hould be included with Che ancig.n 
during the separation procedure. The final purified product will 
be stabilized with a predetermined protein .uch as albumin, and/or 
a detergent. 

The purified adhe.on is formulated into conventional 
pharmacologically acceptable exclplents. 

U is admlniscered Co paclencs having HIV infection at a 
do.ag. capable of maintaining a concentration of gre.ter than about 
100 ng of soluble CD4 adh.son/«l pla.ma. For CD4 adhe.on variant, 
having different molecular weights, about 2 picomole. of soluble 
receptor per ml of plasm, will be initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(».«brane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 is 100 MgAg of patient weight/day. 

The therapeucic CD4 variants are employed with other 
therapies and agents for che cre.tmenc of AIDS, including AZT. 
neucrallzing ancibodles and immunocycocoxin. . gpl20 fragments and 
vaccines. 
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In order to facilitate un<Urstanding of the following 
oop Ui certain frequently occurring e»thods and/or terms will ba 
described. 

5 -Plasmlds* ara dealgnated by a lower caaa p preceded and/or 

followed by capital lattara and/or numbers. Tha starting plaamlds 
harain ara aithar commercially available, publicly available on en 
unraatrictad baaia, or can ba conatructad fro. available plaamlds 
in accord with published procedures. In addition, equivalent 
10 plaamlds to those dascribad are known in the art and will ba 

apparent to the ordinarily skilled artlaa*. 

•Digestion- of DHA refers to catalytic cleavage of the DMA 
with a restriction enryme that acts only at certain sequences in 

15 the DNA. The various reatrietion enzymes used herein are 

commercially available and their reaction conditions, cof actors and 
other requirements were used as would ba known to the ordinarily 
skilled artisan. For analytical purposes, typically 1 MS of 
plesmid or DHA fragment is used with about 2 units of enzyme in 

20 about 20 m1 of buffer solution. For the purpose of isolating DHA 

fragments for plasmld construction, typically 5 to 50 Mg of DHA are 
digested with 20 to 250 units of enzyme in a larger volume. 
Appropriate buffers and aubstrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incubation 

25 times of about 1 hour at 57'C are ordinarily used, but may vary in 

accordance with the supplier's instructions. After digestion the 
reaction is electrophoreaed directly on a polyacryl amide gel to 
Isolate the desired fragment. 

30 "Recovery or "isolation' of a given fragment of DNA from a 

restriction digest means separation of the digest on polyacrylamide 
or agarose gel by electrophoresis, identification of the fragment 
of Interest by comparison of its mobility versus that of marker DHA 
fragments of known molecular weight, removal of the gel section 

35 containing the desired fragment, and separation of the gel from 




WO 89/02922 



PCI7US88/03414 



10 



15 



20 



25 



30 



35 



.29- 

Aeld. Res. 2= 6103-61U 11981). «d Go.ddel. D. 
Acid. Ret . ft: 4057 [1980]). 

.D.pho.phoryl.tlon- refer, to the removal of th. .terminal 

J) Thl. procedure prevent, the two restriction cleaved ends of 
^1 ^gm.n' fro. -circulating, or forming . closed loop *« 
IZ JL —Ion of another - to— .« - -trie- 
, lce Pre c.dur.. «d reagent, for depho.phorvl.tlon and o*„ 
recombinant manipulation, are conventional. Reaction, using BAP 
.„ carried out in 50mM Trl. .t 68'C to suppress the ectlviy of 
, ny exonuclea.e. which may be pre.ent In ch. -F 

« ™n for 1 hour. Following the reaction the DMA 
Reaction* were run tor t no*" 

fragment U gel purified. 

■Ligation- refer, to the proc... of forming pho.phodl.st.r 
b0 nd. between two double stranded nucleic acid fragment. (Manl.tls. 
T .c.» Id .tU«- Unless otherwise provided, ligation may be 
.cco.pli.hed using Wnown buffer, and condition, with 10 unit, of T4 
DNA llg..« ("US«e") per 0.3 „, of approximately eouimolar amount, 
of the DNA fragment, to be llgated. 

■Filling' or -blunting- refer, to the procedure, by which 
the .ingle .trended end in the cohe.lve terminus of a 
enxyme-cleaved nucleic acid i. converted to a double strand. Thl. 
eliminate, the cohe.lve terminu. and form, a blunt end. Thl. 
proce.. 1. a v.r.atll. tool for converting a re.trictlon cut end 
that may be cohe.lve with the end. created by only on. or a few 
other re.trictlon enzyme. Into . terminus compatible with any 
blunt-cutting re.trictlon endonucl.a.e or other filled cohesive 
terminu.. Typically, blunting 1. acco.pli.hed by incubating 2- 
15„g of the target DHA in lOmM KgCl 2 . 1«M dithlothreltol . SOrnM 
Nad 10* Tri. (pH 7.5) buffer at about 37'C in the pre.ence of 8 
unit, of the Klenow fragment of DNA polymerase I and 250 „M of each 
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of the four deoxynucl.o.ide triphosphate.. The incubation 
generally i. terminated after 30 «in. phenol and chloroform 
extraction and ethanol precipitation. 

The following example- ~r«ly Illustrate the be.c mod* now 
cont.api.cd for practicing the invention, but .hould not be 
construed to limit the Invention. 

KkihibIb 1 

fii?TnTnr r4 " n trf *»* rmnn\m rf 

nnrtTir tf* ! 'inf~ r » << n * >Hv * t:ivt ' B 

g^ gtlon 1 

The plasmid used for recombinant .ynthesl. of human CD*, was 
pSVeCD4DHF*. The pla.mld wa. comtructed as follow.: 

ACD4P1 containing mo.t of the coding ..quence of huam CD* 
(obtained fro. . human placental cDNA library using oligonucleotide 
probe. b...d on the publi.h.d ..quanc. [Maddon .C al. 1985]) was 
dlge.ted with EsfiRI to produce the cDNA insert. Thl. fragment wa. 
recovered by polyacrylamlde gel electrophoresi. (fragment 1). 

P UC18 wa. dlge.ted with EfifiRl and the .ingle fragment 
rc:overed by polyacrylamlde gel electrophore.l. (fragment 2). 
Fragment 1 was ligat.d to fragment 2 and the ligation mixture 
transformed into E. cell .train 294. The transformed culture was 
plated on ampiclllin media plates and re.i.tant colonie. .elected. 
Plasmid DMA wa. prepared from tratuformant. and checked by 
restriction analy.is for the pre.enc. of the correct DNA fragment.. 
Thl. plasmid is referred to as pUCCDA. 



pSVeE'DHF* (Mua.lng ec al.. Cell 4fi:691-701 11987]) wa. 
dlge.ted with Kanl ««» JamHI and blunted with E. coll DNA 
polymer... 1 (Kl.now fragment) and the four dNTPs. Fragment 3 
containing the pML-Amp r region. SV40 early promoter, the HIV LTR. 
35 and th. .out. DHFR gen. was recovered by gel electrophoresis. 
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lig.ted and th. ligation .Ixtur. tran.for.ad into f . coll .train 
29 ! The transform cultur. wa. plated on a-plcillin .edi. pl.t.. 
.„d' r..i.tant colon!.. ..l.ct.d. PU«U DNA wa. pr.p.r.d fro. 
cran.for.ant. and checked by re.trlction analy.i. for the pre.ence 
of th. SMHI re.trlction .it. and th. ab.anc. of the KM 
restriction .ite. Thl. pl«^ U referred to a. ,«V«I»R «* 
w*uV fronts to be in.ert.d after the SV40 early 
propter and tr.n.crib.d under It. control, following transfectlon 
Into an appropriate cell line. 

Synthetic oligonucleotide, (adaptor. 1-8. below) were .ade 
co extend fro. 76 bp 5' of the initiation codon of CD4 tratulatlon 
to the Lai restriction site .t 121 bp 3' of the initiator, with 
che sequence AATT at the 5' end of the .en., strand to generate an 
end which could lig.ce to an EfifiRI re.trlction frag-ent. The.e 
oligonucleotide, were lig.ted and the 204 bp fr.g^nt containing • 
eh. entire .equence recov.red by gel electrophore.l. (frag-ent 4). 

CD4 adaptor 1: AATTCAACCCCAGACCCCTGCCATTTCTCTGCCCTCACCTCCCT 
CD4 adaptor 2: pACTGCTCAGCCCCTTCCTCCCTCCGCAAGCCCACAATCAACCCCGGACTC 
CD4 adaptor 3: pCCTTTTAGGCACTTGCTTCTCGTCCTGCAACTGGCGCTCCTCrCACC 
CD4 adaptor 

pAGCCACTCAGGGAAACAAAGTCGTGCTGGGCAAAAAAGGCGATACACTCGAACTGACCTGT 
CD4 adaptor 5: pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCAGCACCACTTTCTTTCC 
CD4 adaptor 6: pCTGACTGGCTCCTGCCACCACCGCCAGTTGCACCACCAGAACCAACT 
CVU adaptor 7: pGCCTAAAAGGCACTCCCCCGTTCATTGTCGCCTTCCCGAGGGAGGAAGGG 
CD4 adaptor 8: CCTGAGCACTACGGACCTGACCCCACAGAAATCCCACCCCTCTGCGCTTG 

pUCCD4 wa. dlge.ted with &SAI Sill and th. 401 bp 

fragment containing part of the CD4 coding ..quence recovered by 
g.l .l.ctrophore.l. (fr.g.ent 5). pUC18 wa. dlge.t.d with fififtRl 
and Siil and the fragment cotnpri.lng the bulk of the plaa.id 
recovered by gel .l.ctrophore.l. (fragment 6). Fragaents 4 and 5 
were lig.ted r to fr.g»«nc 6 and the ligation .ixture cransfor..d 
into E. coll .train 294.. The transformed culture was plated on 
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aapicillin media plttii *nd rulitinc colonic selected. Plasmid 
DNA was prepared from tranaforaants and checked by restriction 
Analysis for the presence of the correct fragment . The sequence of 
the inserted synthetic DNA was checked by excising the 605 bp 
EcoRI-SstI fragments froa several transforaants and ligating thea 
to H13apl9 which had been digested with the saae enzyaes. After 
transformation into £. coll strain JM101, single. stranded DNA was 
prepared and sequenced. One plasmid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

pCD4int was digested with EfcoRl and and fragment 7 

containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCD4 was digested with and fiamHI and the 

1139 bp fragment containing the remainder of the CD4 coding region 
(fragment 8) recovered by gel electrophoresis. 

pSVeABKDHFR was digested with £fioRI and ftaaHI and fragment 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were ligated and the ligation mixture transformed into £. 
eoli strain 29C. The transformed culture was plated on aapicillin 
media plates and the resistant colonies selected. Plasmid DNA was 
prepared froa transf ormants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCDADHFR, and was used to direct synthesis of recombinant 
intact CD4 . 



Section 2 

A. plasmid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 

30 the putative cytoplasmic domain (Maddon et al . ) . This was done 

with the intention of creating a secreted form of CDA, based on the 
assumption that these domains anchor the CD4 glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 

35. pSVeCD&ANlaDHFR and was constructed as follows: _ 
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pUCCD4 was digested with Sifil and lAfll the 531 bp 

fragment (fragment 10) recovered. pUCCD4 was digaeted with Hlalll 
And ImI *nd the 112 bp fragment (fragment 11) recovered. pUCCD4 
was digested with flimHI And Hlalll and the 301 bp fragment 
(fragment 12) recovered. pCD4int was digested with £l£l «"* flMH* 
and frAgment 13 comprising the bulk of the plAamld recovered. 
Fragments 10. 11. and 12 were ligated together with fragment 13 and 
the ligation mixture transformed into £. coll strain 294. The 
transformed culture was plAted on Aapicillin mediA plAtes and 
resistant colonies selected. Plasmid ONA was prepared from 
transformants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DKA from several transformants 
was sequenced to ensure that the 195 bp Hlalll fragment had been 
deleted and that the proper reading frame was restored. The 
resulting plasmid is referred to as pCD4ANla. 

pCD4ANla was digested with Eco RI and fiajjHI and the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 
transmembrane and cytoplasmic domains recovered (fragment 14) and 
ligated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture was plated on, ampicillin 
media plates and resistant colonies selected. Plasmid DKA was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4ANlaDHFR. 

Both pSV«CD4DHFR and pSVeCU4ANla£)HFR were trans fee ted into 
CHO cells by the same method used to establish cell lines stably 
expressing HIV-I polypeptides (Muesing, Smith and Capon, Cell 
££: 6910701 [1987]), These cells were assayed for production by 
radio immunoprecipi tat ion as described below. While no product was 
detected in initial experiments, subsequent experiments showed that 
the above described coding segment could indeed direct the 
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synthesis of a soluble CD4 adheaon variant both In CHO and 293 

cells. 

Section 3 

5 A different expression system was initially used for the 

synthesis and expression of a CD4 variant lacking completely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used In cultured cells of human 
origin. The first plasmld constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRKCD4, and was constructed as follows: 

pSVeCD4DHFR was digested with fitoRI and fiflmHI and fragment 
15 15 containing the entire CD4 coding region was isolated. pRK5 

(U.S. S.N. 97,472, filed Sept. 11, 1987) was digested with ficjfcRI «nd 
RumH T and fragment 16 comprising the bulk of the plasmld recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into £. coll strain 294. The transformed 
20 culture was plated on aapicillin media plates and resistant 

colonies selected. Plasmld DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment . This plasmld is referred to as pRKCD4. 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 

30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmld 
Is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 
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pSVeCD4DHFR vas digested with Hfta.II, blunted vlth Klenov 
fragment And the four dNTPs, end digested vlth flfi£EII. The 382 bp 
fragment (fragment 17) containing part of the CD4 coding sequence 
vas recovered by gel electrophoresis. pSVeCD4DHFR was digested 
vlth EcoRl and Bst EII and the 874 bp fragment (fragment 18) 
recovered. pBR322 vas digested vlth Hlnd lll. blunted vlth Klenov 
fragment and the four dNTPs , and digested vlth Eco RI . Fragment 19 
comprising the bulk of the plasmld vas Isolated and llgated to 
fragments 17 and 18 and the ligation mixture transformed Into £. 
coli strain 294. The transformed, culture vas plated on amplclllln 
media plates and resistant colonies selected. Plasmld DHA vas 
prepared from transformers and checked by restriction analysis for 
the presence of the correct fragment. This plasmld Is referred to 
as pCD4Tint. 

pRK5 v&s digested vlth £fioRI and 5aal and fragment 20 
comprising the bulk of the plasmld Isolated. pCD4Tlnt vas digested 
vith £cjoRI and fic^RV end the 1410 bp fragment containing the CD4 
coding sequence to the Basil site at 1176 bp 3' of the Initiating 
codon and the 154 bp Hindlll-fctfiRV fragment of pSR322 vas recovered 
(fragment 21). Fragments 20 and 21 vere llgated and the ligation 
mixture transformed into £. coli strain 294. The transformed 
culture vas plated on amplclllln media plates and resistant 
colonies selected. Plasmid DNA vas prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4T. 

Section 5a 

In order to create a secreted form of CD4 which could be 
purified vith an antibody directed to herpes virus type I 
glycoprotein D, a plasmid vas constructed to express a derivative 
of CD4T in vhich the region coding for the mature, processed CD4T 
polypeptide vas fused to a sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. This plesmid is referred to as pRKCDCD4T , And was 
constructed as follows: 

pgDTrunc . DHFR was digested with ESLttRI And £vyll And the 
5 frAgaent contAining the coding region for the signal peptide And 

first 27 reeidues of the mAture HSV I gD glycoprotein was isolAted 
(frAgaent 22). pRXCD4T was digested with ficj&RI And fiaxEIl And 
frAgaent 23 contAining the 3' end of the CD4 coding sequence end 
the pRK5 region was isoleted. 

10 

Synthetic oligonucleotides GD (Adaptors 1-2, below) 
contAining the coding sequence of CD4 froa the codon for the aaino 
terainAl residue of mAture CD4 to the Rsa site At 121 bp 3' of 
trAnslAtion initiation, And contAining the sequence CTCCTCGAC At 

lb the 5' end of the sense itrand were prepered (frAgaent 24). pRKCD4 

was digested with Rsa l end Bst EII And the 665 bp fragaent 
contAining pArt of the coding region for CD4 was recovered 
(frAgaent 25) end ligated to frAgaent 24. After digestion with 
fil£EIl to ensure that only aonoaeric frAgaent was present, the 724 

20 bp fregaent contAining both sequences was recovered by gel 

electrophoresis (fragaent 26). 

Fragments 22, 23 end 26 were ligated end the ligation 
mixture trans formed into E. coli strain 294. The transformed 

25 culture was plated on ample 111 in media plates And resistant 

colonies selected. Pleeaid DNA was prepared froa trAnsforaants And 
checked by restriction enAlysis for the presence of the correct 
fregaent. The sequence of several trensf ormants was checked to 
ensure that the synthetic insert was correct end that reading frame 

30 was preserved. This plesaid is referred to as _pRKGDCD4T . 

These pRX5 derived plesaids preferably were transfected 
into 293S cells for stable expression according to Muesing, et el . 
Cell 4£:691 (1987) with the exception thet in Addition to the 
35 plesaid of Interest a plasmid expressing the neomycin resistance 
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-r al Sci.nc. 221:553-555 (1985)) va. 

cell. 2 ««y «an-f.ction. th. c.U. w.r. p....g«d Into 

scandard -dlu. d:l F12/0HE .uppl.-.nt.d vich l-glut-in.. 
LuU,,c:,P»^ - 10, FBS) with 0.5 »U <0«U n 

Cibco) for ..l-ction of «*U c.ll Un... rather than 
„. dU containing -thotr.xat. a. .hovn- by Hu..tng .t .1. C.ll. 

w . r v.d for production of CD4 or CD4 analog, by radioi^u- 

precipitation. Binding .tudie. (..ccion 5c) ua.d conditioned 
.up.rn.cnt. fro. th... c.U. in th. 1:1 F12/DME 
Hac.rlal. u..d in inactivity ...ay. (""ion 5b) w.r. obtained as 
described in .action 8 belov. 



kDCD^ .daptor 1: 

ctgctccagcaccgaaacaaactgctcctgcccaaaaaaccccatacactccaactgac 



gDCDi adaptor 2: 
pACAGCTCACTTCCACTCTATCCCCT 



TTT 



ttgcccagcaccactttctttccctcctcga 



20 



25 



30 



35 



Th. following constitute, a .tudy of the neutralisation of HIV-l 
inf.ctivity by .olubl. CD4 analog.. A -odlflc.tion of the 
neutralists proc.dur. of Robert-Curoff .t al.. Hacur. 21*: 72 
(1985) va. follov.d. Equal volu... of inhibitor .up.rn.tant and 
viru. (60 .icrolit.r.) v.r. incub.t.d at 4 d.gr... C for 1 hour, 
rnen th. volu,. of H9 (Cello .t .1.. Scl.nc. 224=500. 1984) at 

5xl0 6 /»l v«. addad and incubation contlnu.d for 1 hour at 37 
d.gr... C. Following ab.orption. 2.5x10* c.ll. in 150 mlcrollt.rs 
v.r. cranaf.rr.d to 2 ml of incubation -di.. Aft.r 4 day. at 37 
degr... C th. cultur.. v.r. «pUt 1:2 vlth fr.sh «.dla and 
incub.t.d for an additional 3 day.. Culture, v.re h.rv.t.d. 
r.v.r.. tranacrlptaa. activity va. wa.ur.d (Croop».n et al.. AIDS 
Re.e.rch and Human R.troviru... 2:71. 1987). and tn-unof luore.c.nce 
reactivity with HIV-l po.ltiv. ..rua v.. determined •* described 
(Pol ..z et al.. Froc. Acad. Nat. Scl. USA 22:7*15. 1«0) . 
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_ froll confluant plat. culcur.. 

inhibitor .up.ro.CHic. v.r. obcln.d fro. 

of 293S/CDT4. 293S/gDCD4T c.U. or untr.*.fecc.d 293S J 

P i.Z *. ™on - - 

IU U« * -our. l.«r. ^Iblcor .up«n.«nc 
or . U of th. Incub.clon »dU during th. flr.c chr.e <Uy. of 
culcur. « -diced In tH. ..co«d column of X*U 3. O-lUjP 
do., of vlru. w.. 100 TCIDjo (Croop^n « .1.. «P»> •« "* 

HTLV.XUB grown In H9 c.U. ....y.d in ch. 
lnC ub.clon «dl. consLfd of RPKI 1640 «dU concinlng 2-1 L 
g lut»ln.. 100 unlc./*l p.nlclllln. 100 »icrogr«./-l .crepco^cln. 
2 B icrogr«./»l polybr.n. »d 20% f.cl elf ..n» 
Bioproducts) . 



Dilution of 
Inhibitor Inhibitor 
niirfrn ncan.7 rr;prr™ tfmt 



Table 3 

Indirect Reverse 
iammo fluorescence transcriptase 

f1 rtril^v* c « 1Is Lc^nZmLjU^l 



mock- trans- 
feree 

mock- trans - 
fected 

CD4T 

CD4T 

gDCD4T 

gDCD47 



undil.; 1:4 65.3 65.5 



undil.; 1:<* 
undil.; 1:4 
undil.; 1:4 
undil.; 1:4 
undil.; 1:4 



61.2 61.1 

0.4 18.0 

0.8 16.1 

0.4 26.8 

1.4 36.1 



21.8 23.9 

18.5 28.1 

0.11 5.94 

0.15 3.72 

0.14 9.92 

0.23 11.3 



40 



Both fora. of soluble CD4 virtually abolished the growth of 
HIV-1 vhen incubated with vlru.- Infected cell, without prior 
dilution (Table 2). At a dilution of 1:4 the soluble CD4 
preparation, were only partially effective in inhibiting virus 
growth however the level of fluorescent -positive cell, and reverse 
transcriptase was still significantly lower than culture, receiving 
mock-transf.ct.d cell .up.matant. (Table 2). Since there wa, no 
•ignif leant difference in virus" growth be tw.en - diluted -and 
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rJB ,, „or did any of th. .upernatant. 
^..d control .up.rnetan". nor J 

.ffect th. growth of uninfected H9 c.U. (da 

C0 4 profit* pr.a.nt In th... .up.rn.tanc. ~r. conclude 

re.ponsibl. for th. -mi- * ™ ° f 

5 

Tc determine th. affinity constant for Interaction. between 
„ 0 *„d CD4 or CI* variant,, ..tur.tion binding an.ly.1. v.. 
" Id J -olubl. CD. and detergent .olubllix.d 

10 (U.l«y « C « U 52:975 ll987,) ^ 

,.r.d of "Sl-gpUO (3 ng to 670 ng. 2.9 nCl/ng) 

reactions consisted or * 5K ._, „ 

, f r 1 hour .t 0 degree. C vlth cell ly". confining 

incubated for 1 hour 0 , u?ern .c«t. 

15 lBMet cd. ct-J-r ^ ^ ^ bribed in- 

;;:iri ^;^.-> - . — - 

gal ^1- *«« (McDLB) (1 , McDLB concaln.0.5 * Honidet HP- 

20 -ere performed In duplicate, both in the pre.ence or ab.enc. of 

micro rims of unl.b.l.d purified gp!20 (74 fold or greater exce..^ 
Polling incubation. bound gp!20 we. ou.ntlt.t.d by 
Un.unopreclpitation and counted in a gemma counter For 
^precipitation, binding reaction .olutione -re preabeorbed 
25 vlth 5 microliters of normal rabbit aeru. for on. hour at 0 C and 

cleared with .0 microliter, of P.naorbln (10 * v/v. C.lblochem) for 
30 „inute. at 0 degree. C. Sample, were then incubated overnight 
. t 0 degrees C vlth 2 microliter, of noneel aeru. or 5 
(0 .25 microgram) of OR* —clonal antibody (Ortho) 
30 collection of l-~ complex., vlth 10 microliter, of P.naorbin. 

Precipitate, ver. we.hed twic. in IX McDLB and once in wet.r Chen 
.luted by .luting at 100 degree. C for 2 minute, in <»"« 
(0 12 K Trl.-HCl pH 6.8. 4% SDS. 0.7 M merc.ptoethanol . 20» 
glycerol and 0.1% bromoph.nol blue). CD4 molecules -ere bound 
35 ..turably by gpl20. and yielded a .impl. mas. action binding curve. 
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~ »* - - » - ^ r. :r~.: 

p r.vf. u a, « » - -"■ <lt4 -' 0 

x 1CT 9 M. Us^cy. Cell, ufilA). 

5iillm i «. ^— . — .«- ■< »* ~* - 

i «. — - « — - - «- t 

follows: 

Fr.gn.enr U containing Che d» gene with th. 195 bp fil»IH 
rescriccion fr.gn.enc d.l.ced v., lig.t.d to fr.g».nc 16. *Uh 1. 
pR K5 digested with fe*X «d Th. Ug.clon .Utur. ™ 

cransfon.ee Inco £. coll scr.in 294. Che cr.nsfor»ed culcur. pl.ted 
on - a^picllUn »edia plates and r.siscanc colonl.s ..l.ct.d. 
Plasaid DNA was prepared fro. transforms »d checked by 
restriction analysis for the presence of the correct fr.gn.ent. The 
resulting pl.smld is referred to as pRKCD4ANl. 

Synthetic DNA (5'CCT CAT ACA ACC TTT CTA CAC 3") — 
co attach to th. B8.II .1" « 1176bp .nd -hlch «h.n so .Ct.ched 
would cennln.ee translation after a-ino .cid r.sldu. 368 of ..cure 
CD* (fr.gn.ent 27). The ocher end of chis fr.gn.enc was designed co 
ligate to fi^HI restriction fr.g-.ents. pUCCD* w.s digested with 
j«E1I .nd Hej.II .nd the 382bp fr.gn.ent cont.inlng p.rt of the CD* 
gen. v., recovered (fr.g-.nt 28). Fragments 27 and 28 were lig.cd 
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29) . 

pR KCD4 was digested with B^II «d fi^HI «d the fr.g-.nt 
arising che bulVc of the pi— Id (fr.g-nt 30) v« i.ol.ted .nd 
fr.g-nt 29. - llg.tlon -ture «^ 
J coli str.U 294. the tr.nsform.d culture pl.ced on «plcilUn 
medl. Ute, end resistant colonies .elected. "•-» ~ ~ 
prepared fro. tr.nsform.nt. - — - by reaction .n.ly.1 tor 
L presence of the correct fr.gment. The resulting pU-U . 
referred to as pRKCD4TP. Both pl—ld. .re tr.n.f.ct.d Into 293 
cells to se-r.te .table v.ri.nt CD4-«*pre..tng cell 11— « 
described above. 



15 



20 



25 



30 



35 



^^^vo plasaids were constructed to direct the expression of 
secreted CD* extraneous e»ino acid residue, in CHO cells 

These .re referred to ss P SVeCD4^1aSVDHFK and P SVeCD4TPSVDHFR (and 
which encode proteins having the primary sequence of CD4ANU and 
CD4TP). and were constructed as follows: 

pE348HBV.E400D22 was digested -with Pvul .nd fififiRI and the 
fragment containing the SV40 ..rly promoter .nd p.rt of the fi- 
lactamase gene was recovered (fragment 31). pE348HBV.E400l>22 v., 
digested with fail .nd BjmHl .nd the Urge fr.gment cont.lnlng the 
b.l.nc. of the J-Lctam... gen. .. w.U « the SV40 e.rly promoter 
•nd the DHFR gene was l.ol.ted (fragment 32). 

Fragments 31 and 32 were ligated together with fragment 14 
.nd cransformed Into £. coil strain 294. The tr.nsfor»ed culture 
va, plated on amplclllln media pl.tes .nd resist.nt colonies 
•elected. Plasmld ONA w.s prep.r.d from tr.nsform.nts .nd checked 
by restriction .n.lysis for the presence of the correct fragment. 
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, im i. r.f.rr.d to a. pSVECOfcAMUSVDHF*. Thl. 

^ r ..uicing pu«i* - che , olubl< cd* 

pl .„ld con,.. ^"J^J^ 9UmU pSV.CD— * 

molecule found in tne 
(Section 2) . 

pRK CD*TP -a. dlg.-t.d with and a«HI «d che frag-nt 

crunc.t.d CO* coding r.glon -a. l.ol.t.d and llgat.d 

containing th.™ ^ lnt0 

r £ r:i;. - - — ^- — - - pteiiun 

\l. ,1 , and ".l.tsnt colon!.. s.l.ct.d IU-U ^ ~ 

ch.\r...nc. of ch. corr.cc fr.g-.nt. Th. r.sulclng P^»" 
r.f.rr.d to as pSV.CD*TPSVDHF*. Boch of th... pU-1* •» 
erected Into CHO c.11. .nd -.lift- cransf.ccant. ..l.cc.d by 
..chotr.xat. using conventional proc.dur... 

Fusion, of th. V r.glon of th. CD* g.n.. -hlch 1. 
homologous to th. variable r.glon of Immunoglobulin g.n.. (ref 
Madoon « -2. 1«5), to th. constant (C) r.glon of h«an 
Immunoglobulin « and t2 chain, .r. constructed a. foil—: 

Synch.tlc DNA 1. made to cod. for th. C r.glon of human * 
chain U..ldu.. 109-21*) based on th. s.a.u.nc. publish.* by Horln 
ee ,1 Proc. Natl. Acad. Set. fi2:7025-7029. with th. addition at 
th. 5''.nd of th. coding .trand of th. s.ou.nc. CCCC. which allow, 
chl. fr.g-.nt to b. Ug.t.d to ch. U*X .1" « ch. .nd of th. 
putative V-llk. r.glon of CD*. At ch. 3' .nd of th. coding r.glon 
. cranalatlonal .top codon 1. add.d a. well « • ^ h 
allow, thl. .nd to b. Ug.t.d to fiaflHl restriction fr.gm.nts The 
.ynth.tlc DNA 1. made In 8 fragments. * for ..ch strand. 70-90 
ba... long. Th... ar. th.n allow.d to ann.al and Ugat.d prior to 
l.ol.tlon on a polyacrylamld. gel (fragment 33). 
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, ^rh EcoRI *nd SlfiMl and the 478bp 

pRXCD4Ck . 

.olecule, *. d«.crlb«d above. 

flywpla 3 

Tb. ^C«7 ..cr.C by th. -th* a *<-P" 1 - 

^anaty „ e t.pby. «- — 

by 5 " <*- •"T 

„ tb. P p— a -...a., » £ 

«.«.u.d P«. by th. of R.y « a- 

,*» th. ««-».<•« •« — -» -* 

.» buff.. Th. c.lu» 1. th.b ...h.d vlth n.utr.l buff.r 

T— .0. Tb. — U .1— «- «- 

1* -buff.r .t P« «-abl«, T-..b .0 CM <*» - " 
„.utx.m.. 1-a.dy .. it U Tb. .I-' 
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gD CD4T 1. then concentrated by ultraflltrat on .nd 
Llyx.d/dlafllt.r.d co exchange ch. buffer for a physiological 
..It .olutlon confining Twe.n 80 at approxUat.ly 0.1% w/v. 

If th. d.t.rg.nt 1. not pr...nt ch. gDCWT for., aggregate, 
evidenced by th. ability of. c.ntrlfug.tlon at approxl^tely 
l0 .000 Xg for 2 nlnute- to r..ove th. gDCD4T fro. th. .solution 
incub.tlon of gDCD4T at 4'C In 0.1K .odlu. .c.t.t.. 0.5H N.C1 and 
0 25K trl. .t pH 7 tog.th.r with BSA. Tvo.n 80 or glyc.rol a. 
candidate .tebillz.r. .how.d that, in th. *b..nc. of . .tabllU.r 
th. gDCD4T gr.du.lly .ggr.g.t.d ov.r th. .p.c. of 12 <Uy. to th. 
point wher. only .bout 60-70% of th. protein was .olubl.. However, 
use of 0.1% v/v Tween 80 or (0.5 mg/«l BSA .nsur.d that about 100% 
or 80% r.sp.ctiv.ly. of th. gDCD4T re»*ln.d .olubl. ov.r tht. 
period. Surprisingly glyc.rol w.s In.ff.ctlve a. . stabiliser .nd 
producd r..ult. Inf.rlor .v.n to th. control-.t 8 <Uy. .bout 80% 
of th. gDCD4T was .ggr.g.t.d wh.n .tor.d In the pr.sence of 
glycerol . 

FTIMPlB 'i 

Plasmlds were constructed to dlr.cc the expression of 
protein, cont.lnlng differing l.ngth. of th. a.lno.t.rnln.1. 
.xcr.c.llul.r do«*ln of CD4 fus.d to th. const.nt r.glon of huun 
immunoglobulin 7 1. Th... plawld. .r. r.f.rr.d to pRKCD4 27 l. 
pRKCD4 e<47l . P RKCD4 27l . pWCC04. 27 l . pRKCD4 l7l . .nd pRKCD4 elirl . 

Plaamld pRKCWfc,! contains the portion of the CD4 gene fro. 
the initiation codon to th. fu. Ion .It. .ft.r the codon for ..rln. 
re.lde 366 of th. n-tur. CD4 polyp.ptld. . lm.dl.tely followed by 
the sequence coding for th. constant region of hu».n Immunoglobulin 
7 1. starting «t th. codon for ..rlne residue 114 of mature h«un 
Immunoglobulin 7 1 (lUbat .C ml.). 

Pla.mld pWCCD4, 4ll contains the portion of the CD4 g.ne 
from the Initiation codon to the fu.lon .lte after the codon for 
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ly.ln. re.ldue 360 of che -cur. CD* polypepcide. iWiacaly 
Uow.d by che ..cuenc. coding for th. con.t.nt u~n 
Lnoglobulin ,1. .carting at th. codon for aerln. r..idu. 114 of 
M cur. human Immunoglobulin T l -P al.). 

Pla.mid pRKCD4 27l contain, th. portion of the CD4 gen. fro. 
che initl.tion codon to th. fu.lon .it. aft.r the codon for 
g luta.ln. r..ldu. 180 of th. mature CD4 polyp.ptld.. immediately 
followed by the ..cuence coding for th. conatant region of hu~n 
^globulin 71. ."ttlng at th. codon for ..rine re.ldu. 114 of 
M cur. human Immunoglobulin 7I (Kabat at al.). 

P l..«id P RXCD4 e27l contain, the portion of th. CD4 g.n. 
fro. the initiation codon to th. fu.lon .it. aft.r th. codon for 
leucine re.ldue 177 of th. matur. CD4 polypeptide. imm.dlat.ly 
followed by the ..quence coding for th. constant region of human 
tn-unoglobulln ,1. parting at th. codon for ..rin. re.ldu. 114 of 
Mture human immunoglobulin 7 1 ««!.). 

Pla.mid pRXC04 l7l contain, th. portion of th. CD4 g.ne fro. 
the initiation codon to th. fualon ait. aft.r th. codon for 
..partic acid r..ldue 105 of th. mature CI* polypeptide. 
la.edl.tely follov.d by th. ..qu.nce coding for the conatant region 
of h«un Immunoglobulin 7 1. .carting .t th. codon for ..rin. 
re.ldu. 114 of mature human immunoglobulin 7I (Kabat at al.). 

Pl...id pRXCD4, l7l cont.ln. th. portion of th. CD4 g.n. 
fro. th. Initi.tion codon to th. fualon .it. aft.r th. codon for 
l.ucine re.ldue 100 of the aicur. CD4 polypeptide. imm.dlat.ly 
followed by th. ..quence coding for th. con. tent region of tmman 
HBunoglobulln ,1. atartlng at th. codon for ..rlne re.ldue 114 of 
mature human immunoglobulin 7I (Kabat «c a I . ) 
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Con.tructlon of th... pi-U. required the prior 
construction of pla..ld pRKCD4TP/,l. It «, con.tructed a. 

follows: 

A cDNA clone coding for human immunoglobulin ,1 wa. 
obteined fro. . human spleen cDHA librae (Clont.ch Ubor.tori... 
nc , u.lng oligonucleotide, baaed on the publi.h.d ..ouance 
(E lU.on .c a:.. -Hucl. Acid. Re., l^OTl-^ (1982,). - - 

!t! Pig. 4..b> containing part of the variable and all of *. 
constant region was obtained. This frag-ent va, blunted with 
Klenow fragment, and recovered by gel electrophore.i. (Fragment 

il). 

Pla.mid pRKCD4TP-kk. encoding a aub.titutional variant of 
soluble CW (r..idu.« 1-368) containing a ly.in. re.idu. instead of 
a.par.gln. at po.ltion 1 of the mature polypeptide, v.. contracted 
from pl.«ld pRKCWTP by .it.-dlr.ct.d mut.g.ne.1.. A .ynth.tlc 
oligonucleotide va. mad. a. a primer for a mutag.na.1. reaction to 
obtain the de.ir.d coding aequence. Thi. .ynth.alzed a. a 51- 
m.r which contained two .il.nt mutation, fro. the natural .equenc. 
In addition to the .ub.titution mutation, and 21 ba... on each .Id. 

of the mutated eodon*: 

5'. CCC TTT TTT CCC CAC CAC CAC CTT CTT CCC CTC- 
ACT CCC TGC TCG CAC CAC -3' 

Pleamld pRKCD4TP we. transformed into E. coli .train SR101 
and the tren.for».d colonle. plated on ampiclllln media plat... 
R..i.t*nt colonle. -ere .elected and grown in the pre.enc. of 
.13K07 helper bacteriophage to yield ..cr.ted. enc.p.idated .ingle- 
.trended template, of pRKCDATP. The .ingle -stranded pla.mid DNA 
wa. i.olat.d and used a. the template for mut.gene.i. reactions 
with the .ynthecic oligonucleotide, described above a, primers. 
Th. mut.gen.sl. reaction -a. tran.fon.ed £. coll SR101 and the 
transformed culture plated on amplcllUn media plate.. 
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Tr.n.for-ant. ^ COl ° ny hybrtdl " Cl ° n 

cLscein-Ho*,..) for che pre.enc. of Che epproprl.ee seouence. 

using the following 16 mer « che probe. 

5'- C CAC CTT CTT CCC CTG -3' 
m. hybridiz.clon eondlelon. chosen were sufficiency scring.nc 
Cher ch. probe only dec.ee. che corr.ccly fused produce. Colonle. 
id.ncifl.d .. po.icW. were ..l.cc.d and plas.ld »» l.olec.d 
.nd cren.for~d inco X. coll .creln SR101. The <""«"-* 
culture, -ere pl.t* on a^icillin -adl. place.. «nd reslscan 
colonle. -ere ..l.cc.d and grown In che presence of .1*07 
becc.rioph.ge. T-pLt.. ™" prepared above end ecre.n.d by 
sequencing 

Pla.»id pRKCT*TP-kk wee dlge.e.d wlch Xbal end creec.d wlch 
Klenov Enzy-e. .nd Fr.g-.nC .2. containing ch. linearized pla.-td 
„a. r.cov.r.d by g.l el.ccrophore.i. . end llg.c.d wlch fr.g-ent .1. 
The lig.clon .ixcur. v.. cr.rufor.ed Inco E. coll .cr.ln 294. ch. 
tran.fon.ed culcur. pl.c.d on «plclllln ..die pl.ee. -nd re.l.cenc 
colon!.. ..l.cc.d. PU.»ld DNA wa. prepared fro- ch. transforms 
and checked by r..crlcclon analysis for Ch. presence of Ch. corr.ee 
fr.g-.nc in ch. corr.ee orl.nc.clon (I.... ch. 1-uno globulin 
coding region in ch. ori.nc.clon ch. CD4 coding region, .nd 

at ch. 3' .nd of ch. CD4 coding region). Thi. pl—id is r.f.rred 
to »« pRKC04TP/7l • 

Synch.elc ollgonucleocldes were -ad. «s prl-ers for 
del.cional -uc.g.ne.i. reaction, co fuse Ch. .pproprl.ee coding 
sequence, of IgCl .nd CD4 .. de.erlb.d .bove. These were 
synche.iz.d .. 48-ers compri.ing 24 nucleoclde. on e.ch .Id. of 
th. d..lr.d fusion .it. (i.e.. corresponding co che COOH-cermlnal 8 
re.idue. of ch. de.lr.d CD4 .olery.and che NH 2 -cer«ln.l 8 residues 
of eh. desired Uounoglobulln -ol.cy) . Pl—id P RKCD4TP/7l w.s 
tren.fon.ed inco E. coll ser.in SR101 .nd ch. tr.nsfor»ed cultures 
pl.ced on aapiclUin aedl. places. R.slscanc colonies were 
.elected end grown in ch. presence of -13K07 helper b.cterioph.ge 
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of 



t0 yl.ld ..cr.t.d .ncap.ldat.d .Ingl. -trandad 

Th. .ingl.-.trandad plaa.id OHA va. l.ol.t.d and u..d 
7 «U» f« ™- -cCon. with th. -ynth.t U 
c lIucLoVid.. d..crib.d abov. a. pri».r.. Th. -utag.n..i. 
s « «. tran.for.ad E. coU SU01 - *• 

d by colony hybridation (r.f. Cr^t.in.Hog*..-) 
..nc. of th. .PPro P rUc. fu.ion .it. -in. l.~r. " P« • • 

Th... 16„.r. comprl.. e b .lth.r .id. -f th. -ion .it. 

X0 and th. hybridation condition, chc.n war. .ufflcl.ntly 

10 th at th. prob.. only d.t.ct th. corr.ccly fua.d produce. Colon .. 

Uantlfl.d po.ltlv. w.r. ..Lct.d and ,U-U - Lol.^d 
. nd „an.form.d into E. coll .train SR101. Th. tran. o„.d 
cultur.. v.r. pl.«d on ampicillln ..di. pl.t... *nd r.-Utan 
l5 ' colon!.. v.x. ..l.ct.d .nd grown In th. pr...nc. of .13*07 
b.ct.rloph.g.. T.mpl.c. w.r. pr.par.d a. abov. and .cr..nad by 
••qutnclng. 

Th. pl.«ld. «»• tr.n.f.ct.d Into 293 c.U. uaing .tandard 
20 proc.dur.. and ....yd for .xpr...lon .nd production a. da.crib.d 

abov« . 



pRXCD4 l7l 

25 pWCCD4 t27 l 
pRXCD4 27l 



+ 



Pla«id. al.o v.r. corutruct.d to dlr.ct th. «pr...lon of 
fuaion prot.ln. containing dlffrlng l.ngth. of th. a»lno.t.r»inal . 
.xtr.c.llular domain of CD* fu..d to th. trunc.t.d portion of th. 
constant r.glon of human Immunoglobulin 7 1. comprl.ing only th. 
hlng. r.glon and conatant domain. CH2 and CH-}. 
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Syndic oligonucleotide, -.r. " P*-» f « 

r.action. to dal.t. the Immunoglobulin ..quence fro. 

Imer. ccprutng W nucl.otld.. on ..on .id. 
/ ion sit. (1 .-. corr-pondlng to th. COOH-t.rmlnal 8 r..l«ue. of 

•° i - cy) - puM,id ' pRKc " fc71, p V,\ d 

^ were separately transformed into E. coll .train SRI 1 and 
"traced culture pUfd.on -piciUin madia pUta. 
distant colonies were s.l.ct.d and grown in the of 
" K0 7 helper bacteriophage to yield -rated. encap.idat.d . ingl. 

sanded templates •« ^ lM - idS - ^ ■H*-"—* 

DNA was isolated and used a. th. template for mutagenesis r.actlons 
with the synth.tic oligonucleotide de.crlb.d above a. pri-ers. 
Z mutagenls actions -re transformed .. coli SR101 and th. 
cr .nsfor..d culture plated on amplcillln m.dla plate. . ■ 
Transform, were .cr.en.d by colony hybridization (Cruxut.in- 
Hogne.,) for the presence of the appropriate fusion sit., uaing 
Um.r. a. probes. Th... lta.» compri.. 8 b«« on .ith.r .id. of 
che fusion site, and th. hybridization conditions cho.en war. 
sufficiently stringent that the prob.s only detect th. corr.ctly 
fused product. Colonies identified as positive -ere selected and 
plasmid DNA was isolated and transformed into E. coll strain SR101. 
Th. transformed cultures were pl.t.d on ampiclllin media pl.t... 
and resistant colonies were selected and grown in the presence of 
.13K07 bacteriophage. Templates were prepared a, above and 
screened by sequencing - 

The plasmid derived from plasmid pRKCI*4 7 i is r.f.rred to 
as pRKCD^i. that derived from plasmid pRKCD4 27l is referred to 
a, pRXCI* 2Fcl and that derived from plasmid pRKCI* l7l is referred 

co as pRXCD^ifci- 
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ptKDfcjm. PRKC^ 1FC 1 .nd P RKCD4 4Fcl are cultured In th. 
fashion « described abov. .nd CHl-del-ted CD* 1-muno.dh.son. 
recovered as described elsewhere herein. 

utta ^TL. ™- - - •—■<•" - 

****** ° £ """1 

..cr.c.Uul.r .f CI* £-.d « — «■» ° f 

pRKCD4 e&<( . 

Pla.mid pRlCCDA^ contains the portion of the CD4 gen* fro. 
the initiation codon to th. fusion .Ite after th. codon for serin, 
re.idu. 366 of th. mature CI* polypeptide i-.dl.tely followed by 
ch e .equenc. for the constant region of hus-n lo»unoglobulln 
starting at th. codon for threonine r.sldue 109 of th. mature human . 
Immunoglobulin «. (Rabat ac al.) 

Plasmld pRKCD4 e4K contain, th. portion of th. CD* gene fro. 
che initiation codon to the fusion .it. after th. codon for ly.in. 
residue 360 of th. mature CD* polypeptide. ism^dl.t.ly followed by 
che sequence for th. constat r.gion of hu~n immunoglobulin 
starting at th. codon for thr.onine residue 109 of th. mature human 
immunoglobulin <c. (Rabat ec al.) 

Th... pla..ids were constructs In a manner analogous to 
pLsmlds pBRCD4 47l and pRRCDW described .above, with the 
following exception: 

The human immunoglobulin « coding s.qu.nce (Fig. 5) was 
obtained fro. a human spleen eDHA library (Clont.ch Laboratories. 
Inc.) using ollgonucl.otid.s b.s.d on the publl.h.d s.qu.nce 
(Hl.t.r. P. A. « al.. Cell 22=197-207 (1980)) and an £coRI-a»KI 
fragment containing part of the variable region and the entire 
constant r.gion was obtained (see Fig. 5). This fragment was 
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blunted with Kl.nov fragment end the four dNTPs. ThU fragment was 

used instead of fragment el. and was used to construct plas.ld 
pRKCD4TP/h* . 

Ftttttt n <nn CH0 Cellfl 

Plaaald. v.r. or are constructed to direct the expression 
of .he iaaunoadh.sons described above in CHO cell.. The.. are 
referred to ae pSV.CD4 47l SVDHFR. pSV.CD4 27l SVDHFR . 
pSVeCDA l7l SVDHFR. P SVeCD4. 4ll SVDHFR. pSV.CD4 -27l SVDHFR. 
P SVeCD4 el7l SV0HFR. pSV.CD4 4Fcl SVDHFR. pSV.CD4 2Fcl SVDHFR. 
P SVeCD4 lFcl SVDHFR. pSVeCD4 4<c SVDHFR and pSVeCD4 2)t SVDHFR. 

Fragaent 31 was prepared as described above. Frag»ent 32a 
was prepared by digesting plaaaid pE348HBV . E400 022 with Bad. 
blunting vith Klenow fragaent and the four dNTPs. then dige.ting 
with tail and isolating the large fragaent containing the balance . 
of the />■ lactamase gene and the SV40 early proaoter and the DHFR 
gene. Plasaids pRKCD4 47 l. pRKCD4 27l . pRKCD4 l7l . pRKCD4 e47l . 
pRKCD4 e27 i. pRKCD4 el7l . pRKCD4 4Fcl . pRKCD4 2Fcl . pRKCD4 1Fcl . 
pRKCD4 4 « and P RXCD4 2(t were separately digested with Hindi", 
blunted with Klenow fragaent and the four dNTPs. then digested with 
fiEfiRI and the fragaents encoding the CD4-Ig fusion protein were 
isolated. The resulting DNA fragaents were llgated together with 
fragaents 31 and 32a and transforaed into E. eeli strain 294. 
Colonies were selected and checked for the presence of the correct 
plasaid as above, then transacted into CHO cells and aaplified by 
methotrexate selection using conventional procedures. 



Exude 3 

30 n,ln,r> p ^ MrTlon mfl fniWeflon of CPA variants 

Plasaids encoding soluble CD4 adhesons such as CD4T. CD4TP. 
or soluble CI* iaaunoadhesons were calclua phosphate transfected 
into CH0-DP7 (a proinsulln- transforaed autocrine host cell derived 
35 froa CHO; U.S. S.N. 97,472) and the transforaants grown in selective 
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M a l HAM F12/DMEM CHT" containing 1 - 10* dUfUt.*- or 
..alu* , other suitable host cell. are CHO cell, or 

dlalvxed bovine lena) - Otner suit. 

„>,™mc kidney cell.. The tranaformant. were 
29 3S hu»« embryonic kidney 
rifled by .ethotrex.t* ..lection In the same »eai 

n t lnlng 500 . methotrexate. A .ubclone capable of ..cretins 
ZTZ* *» b. v.. .elected. «*tp 500 b is cultured in a 

" ler which the .edium 1. -ep.r.ted fro. the cell. - 
insoluble matter by centrlf uglng . 

Culture fluid fro. CD4TP tr.nsfon.ent. v.. concentrated end 
dlafilt.red to lower the Ionic strength. The concentrate v.. 

v. «h a large volume of Q-Sepharos. anion exchange resin 

: contaminants fro. the culture fluid. The 

f Ct*TP 1. about 9.5. thus making it pcibl. - discriminate . 
beC ve.n truncated forms of CD. and .ost contaminant, by altar... 
sorption. r..pectively. on a cation exchange re.ln .uch a. 
ca^xy-ethyl or sulfonyl S.ph.ro.e, and an anion 
,uch Touetemary e»onium S.pharo.e. In addition, sine, highly 
ele ctropo.ltlv. domain, are pre.ent in the extracellular s.g-.nt 
CD4 any CD4- containing variant i. purified in the .ame fashion as 
CD 4TP the unadsorbed culture fluid from the anion exchange resin 
SC ep was then p.ssed through . cation exchange resin (previously 
eq ulllbr.t.d with 25 « KaCl at P H 8.5) whereby CD4TP was adsorbed 
co the resin. The CD4TP was .luted with a NaCl gradient at P H 8.5. 
chl. CD* variant eluting at about 0.2 H faCl. Ammonium sulfate was 
4d d.d to the eluate to a concentration of 1.7M and the solution 
p...ed through a column of hydrophobic interaction chro.-togr.phy 
resin (phenyl or butyl S.phero.e) . The CD4TP wa. elut.d fro. the 
hydrophobic interaction column with a gradient of ammonium sulfat.. 
th. «*TP .urging at about 0.7M ammonium sulfate. The eluate v., 
concentrated and buffer exchanged on a C-25 column using phosphate 
buffered .aline containing .02 % (w/v) Tween 20 or Tw.en 80. The 
CJX.TP was soluble and stable In this solution, which was st.rll. 
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Ocher 



, , . autoU i formulae Ion 

glycol. 

rr^r— - — ~™ ^ - 

i n that t. only thoroughly —llor.f d at 

0.01 co 0.10 * (w/v) surfactant. 

Th. procedure followed for the purification of CD4 fusion, 
vtth immunoglobulin heavy, chain v.. to concentrate recoct . 
wi.tr rh.reafter adsorb the fusion 

.upernatant. by ultraf titration and thereafter ad. 

onto r..ln-1-.WlU.d Staphylococcal protein A. The fusion was 
elu t.d with 0.1* citrate buffer pH 3 with no .alt or detergent . 
Tht. preparation i. buffered into Trl, buffer at P H 7.5^ The 
^oglobulin fusions with d» V1-V4 optionally are further 
purified by th. procedure described above for unfused «* var ant. 
CD* immunoglobulin fusions with CD* V1-V2 also .ay be purified by 
th. procedure above, except that it i, not expected that the 
isoelectric point of this class of molecules will be as alkaline as 
that of species containing all-four V regions of CI*. 

The characteristic, of ..ver.l adh.son variants -ere 
determined. As shown in table 4 th. immunoedhesons 00*4,1 «- 
Ct*,.,! -how improved plasm. half-Uf In rabbit,, coupled with 
hlgh'afflnlty gp!20 binding and an affinity for Fc 7 receptor 
(determined with U937 cell.) that is comparable to that of bulk 
huaan IgCl. 
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T*ble 4 

Fc 7 R KD (nM)+ 



Pl&sa* HAlf-Lif^ 



10 



15 



20 



CD4T S 

huaan IgGl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 + o.l 
ND** 



Not detected 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 <Uy»* 



* daceraiwd U huMM 

* KD «. determined by the -thod of Ander.on « -I.. J. 

TmBUflfll . U5-2735-2741 (1980). 

rzLZ * - - -* - -• as:im - 0 ' 

(1987). 
§ residues 1-368 only 

presence of the *dh««on variant. 

** Not done. 
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C1aU»* 

1. 



2. 



Ll.le .ctd .needing .n «ino .eld sequence v.rl.nt of an 

The nucleic .eld of .1.1- 1 -herein the U * 

polyp ft P ttde * 

me nucleic .eld of .1.1. 2 herein the v.rl.nt 1. . CD* 
pelade U which nucleic .eld encodin, the 
JL h.s been .odifi.d whereby the CD* polypeptide encoded 
thereby cont.lns .n ln.ctiv.ced cr.ns.e^r«. dcln. 

The nucleic .eld of .1.1. 3 wherein the »««*>«• *>" in 
h .s been ln.eciv.ced by it. deletion or by .ub.tltutlng for 
th. tr.n«e.br.n. .n -ino .ctd e.quenc. h.ving . 

subsc.nti.lly hydrophilic hydrop.chy profile. 

, Th, nucleic .cid of .1.1. 2 wherein ch. v.rl-nc cos*ri... • 
fusion of (.) • polypeptide different fro. th. CO* «d 00 * 

CIV* polypeptide. 

5. The nuclei, .cid of el.lm 5 wherein th. polypeptide different 
fro. the CO* be.rs a non-CD* itnmune epitope. 

7 The nucleic «cld of cl.l. 6 wherein Che polyp.pclde different 
fro. CO* 1. fused to th. «lno or c.rboxyl t.ntinu. of M tur. 
CD* .nd ch. cr.ns.embr.n. dcln of CD* h.s been ln.cciv.ced. 

8. The nucleic .eld of cl.l. 5 wherein che different polypeptide 
comprises * slgn.1 sequence. 

9. The nuclei. ..Id of .1.1. 3 wherein the different polypeptide 
cont.ins .bout.fron'5 to 1000 residues. 
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10 Th. nucleic .eld of cl.l. 9 wherein th. dlff.r.nt polypeptide 
1. cap.bl. of eliciting . hu.or.1 1_ re.pon.. in en 
enlaal. 



11. 



The nucleic acid of clal. 10 -herein the different polypeptide 
1, < viral polypeptide or an allergen. 



12 Th. nucleic add of del. 5 wherein th. different polypeptide 
1, . hu«n pies-* Protein having . pi— half lit. greater 
than fro. which th. tran.me.br.ne do«aln h« been deleted. 

U The nucleic .eld of cl.l. 12 wherein the v.rlant i. a fualon 
of a polypeptide con.prl.lng at least on. V-llk. do-In of CD4 
fused with a polypeptide comprl.lng « immunoglobulin coiutant 

dooiin . 

IU. Th. nucleic acid of cl.l. 1 wherein the adhe.on i« CD4. CDS or 
th. high .fflnlty IgE receptor. 

15. The nucleic acid of clal. 2 wherein the variant conai.t. 
...entlally of th. V x through V 4 or V x through V 2 region, of 
the CDt antigen. 

16. The nucleic acid of clal. 2 which consist, essentially of the 
CW lnaert of pCDAANla. 

17. Th. nucleic «cld of clal. 12 wherein th. different polypeptide 
it albualn, apollpoprotwln or tranaferrln. 

16. The nucleic acid of clal. 8 wherein the .Ignal sequence I. a 
bacterial signal sequence. 

19. Th. nucl.lc acid of cl.l. 15 wherein th. variant consists 
•ss.ntlally of CI* residue. 1-368. 
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m w4- 15 wh.r.ln the variant consists 
20. Th. nucl.tc acid of elaia 15 wn.r-i 

...entl.lly of CD4 residues 1-180. 

21 Th. nucleic acid of clei. 13 wh.r.ln th. i-un oglobulln 
constant dcain 1. th. constant dcaln of an 1* h.avy chain. 

22 . The nucleic acid of el.1. * wh.r.ln the different polypeptide 

is * cytotoxic polypeptide. 

23. The nucleic add of clai. 5 wherein th. cytotoxic polypeptide 

Is the diptheria toxin A. 

2 * A composition comprising an adhe.on amino acid sequence 
variant which is incapable of cell membrane anchorage. 

25 The composition of cl.i. 24 wherein the adhe.on variant 
comprises . CI* amino .eld sequence capable of binding gpl20. 

26 Th. composition of claim 25 further comprising an agent for 
inhibiting the .ggr.g.tion of th. variant -l.ee. fro. th. 
group of a pr.d.t.rmln.d proc.in and a surfactant. 

27. The composition of claim 26 wh.r.ln the ag.nt is « 
surfactant. 

28. Th. composition of cl.i. 27 wh.r.ln th. surfactant 1. Tw..n 80 
or Tw«en 20. 

29 Th. composition of cl.i. 25 wh.r.ln th. CD4 cr.n».mbran. 
30 domain ha. b..n d.l.t.d or has been substituted for by an 

aalno acid sequence having • substantially hydrophlllc 
hydropathy profile. 

30. Th. composition of claim 29 which is st.ril. andwhich further 
35 compri... * physiologically acc.pt.bl. carrt.r. 



20 



25 



31. 



of clMim 75 



32. 



Ldott of data 31 



Of AB- 



IC 




of data 33 



15 



35. 



HolcLon of f lain 33 



20 



ildos of cliia 31 



is la 



fan of * 



25 



37. 



of data 34 



of a CDfc V-lika 



ildoa of data 31 

T l^^m of 



aCl-ac*. aCl-Vs. VlCl-aCb. «r «iA.-^Ail: 



<•) a£l: 

(c) ACfe-lAG. 

(d) ACL-ACa-lACfl. AC{.-AC«. 'iPl.-*^! : 
(.) AC S--* C B- * C L" 1 W«- VL-* 4 ^- « *kft."W: 
(O ^.C^-ACb-IACb. ACl-ACb. ACl-^bCh. »lC L -AC H , T VlCl-^Eh]; 
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wharaln A 1. i CD4 polypaptlda ontaining * CD4 variabl. 
rsgion-lika doaaln; V L , V H . Ox, and C K rapraaant light or haavy 
chain variabla or constant doaaina of an iaavinoglobulin; n is 
an intsgar; and Y daslgnatas ths raaidua of 4 covaiant crow 
linklnf agsnt. 

Ths composition of clt&i 3« wh.roin tha V L and V H doaaina aro 
capable of binding a pradatarainad antlgon. 



10 40. Th. composition of clala 31 wharaln tha lawnoglobulln 
ssquancs it obtainsd froa IgGl, IgC2. IgC3, IgG4, IgA. Xg*. 
IgD or IgM. 

41. Ths composition of clala 25 wharaln tha variant coapriaas a 
15 polypaptlda diffsrant froa C04 which ia nonianunoganic in 

huaana . . 

42. Th* coaposltlon of clala 41 wharaln tha variant coaprlaaa a 
polypaptlda which is laaunoganic In huaana. 



43. Ths coaposltlon of clala 41 wharaln tha variant coaprlsaa a 
polypaptlda having a huaan plaaaa half llfo which Is graatar 
than about 20 hours. 

44. Ths coaposltlon of clala 41 wharaln tha variant coapriaas a 
huaan tranafarrin, apollpoprotaln or albualn polypaptlda. 

45. Ths coaposltlon of clala 25 wharaln tha variant coaprlsas a 

cytotoxic polypaptldo. 

46. Ths coaposltlon of clala 45 wharaln tha cytotoxic polypaptlda 
is rlcln A chain or dlptharla toxin A. 



35 



47. A polypsptlda comprising a CD4 aalno acid saquancs capabls of 
binding gp!20 which is cross-llnkad to (a) polypaptids having 
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. plasma half life of gr.*t« than about 20 hour, or (b) * 
cytotoxic polypeptide. 

48. The polypeptide of claim 47 wherein the polypeptide of (a) i. 
transferrin, an apolipoprotein or albumin. 

49. The polypeptide of claim 47 wherein the cytotoxic polypeptide 
is crose-linked to the CD4 variable-like domain by a 
bifunctional crose- linking agent. 

50. A method for preparing an adheaon variant comprising 

transfecting a host cell with the nucleic acid of claim 1. 

51. A method for preparing an adheaon variant comprising 
recovering the variant from the culture of a host cell 
transf acted with the nucleic acid of claim 1. 



20 



52. The method of claim 51 wherein the adheaon is CD4 and the 
variant la recovered from the culture medium of the host cell 

or from the cell itself. 



53. The method of claim 52 wherein the variant is recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant is recovered by 

adsorption of contaminants onto an anion exchange resin. 



30 



55. The method of claim 52 wherein the variant lscks a functional 
transmembrane domain . 

56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
re«ulting solution is contacted with a hydrophobic affinity 
chromatography reiin to adsorb the variant, and the variant 
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gr»di«nt of «*lc. 

T.e -thod of cl.1. 52 *».r.ln th. -riant La r.cov.r.d by 

tanrunoafflnlty chromatography. 

Th. ..thod of cl.L. 57 vh.r.ln th. l«unoafflnlcy 
chro.atogr.phy La dlr.ct.d ag.Lnat a polyp.ptld. dlff.r.nt 
from CI* whLch La fua.d to CD4. 

A a.thod for th. tr.aoa.nt of an HIV Lnf.ctLon co.prl.Lng 
.d.nlnl.t.rlng to a p.tL.nt Lnf.ct.d with HIV a th.rap.utLcally 
effective do., of an a»Lno acid a.q«.nc. variant of CI*. 

A repllc.bl. v.ctor coi.prL.Lng th. nucl.Lc acid of cl.L. 1. 
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